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Abstract 

There  is  currently  no  value  of  survivability  attributed 
to  an  aircraft's  reactive  maneuver  capability.  In  this  ex¬ 
periment,  exposure  to  enemy  ground  threats  for  various  levels 
of  information  feedback  to  the  aircrew  were  compared.  This 
was  done  in  an  attempt  to  isolate  the  maneuverability  factor. 
The  Threat  Model  Penetration  Simulation  Analysis  (TMPSA)  model 
produced  by  the  University  of  Dayton  Research  Institute  was 
the  penetration  model  used.  The  conclusion  of  this  experi¬ 
ment  was  that  only  order  of  magnitude  differences  in  capabili¬ 
ties  can  be  captured  with  this  model.  It  is  recommended  that 
two  simple  changes  be  made  to  TMPSA.  These  changes  would 
allow  more  precise  values  for  reactive  maneuvers  to  be  de- 
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I .  Introduction 


The  purpose  of  this  research  was  to  examine  the  problem 
of  quantifying  aircraft  maneuvering  in  response  to  electronic 
warnings  of  ground  based  threats.  The  objective  is  to  exa¬ 
mine  one  approach  to  solving  the  problem  of  quantifying  air¬ 
craft  maneuvering. 

The  research  is  limited  to  examining  only  bomber-type 
operations.  It  is  hoped  that  the  methodology  developed  can 
be  extended  to  other  aircraft  by  making  the  minimum  number 
of  assumptions  necessary  to  achieve  the  objective  stated 
above . 

The  EW  Planning  Process 

Planning  bomber  operations  begins  with  receipt  of  the 
target  list.  In  the  case  of  the  Single  Integrated  Operations 
Plan  (Slop)  ,  this  is  prepared  by  the  Joint  Strategic  Target 
Planning  Staff  (JSTPS).  Strategic  Air  Command  then  plans 
aircraft  sorties  based  on  the  targets  on  the  list.  In  a 
conventional  war,  targets  are  assigned  by  the  theater  commander 
In  this  instai'.ce,  the  bomber  planners  are  cooperating  with 
the  theater  commander's  staff  to  develop  the  operations  plan. 
Figure  1  shows  generally  how  an  electronic  warfare  (EW)  plan 
is  developed. 
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With  the  targets  assigned,  the  planners  must  now  deter¬ 
mine  a  feasible  route  for  the  bomber  force.  The  goal  is  to 
achieve  the  objective,  target  destruction  for  example,  with 
minimum  losses.  It  is  the  responsibility  of  the  Electronic 
Warfare  Support  Division  (ESM)  to  gather  inform.ation  on  the 
nature  of  the  enemy's  electronic  defenses.  The  ESM  staff  is 
usually  part  of  the  intelligence  directorate.  With  the  raw 
data  gathered  by  ESM  operations,  as  well  as  other  intelligence 
sources,  an  enemy  radar  order  of  battle  is  developed.  The 
type  of  radars  and  their  locations,  functions,  and  character¬ 
istics  are  determined  or  estimated.  This  intelligence  esti¬ 
mate  is  used  to  plan  the  aircraft  routes.  Known  point  de¬ 
fenses,  such  as  surface-to-air  missiles  (SAMS)  and  anti¬ 
aircraft  artillery  (AAA),  are  avoided.  Weaknesses  in  the 
electronic  defensive  network  are  exploited.  Some  of  these 
weaknesses  m.ay  be  gaps  in  the  radar  coverage,  low  saturation 
level  of  the  local  command  and  control  net ,  and  poor  types  of 
equipment.  Where  electronic  defenses  must  be  penetrated, 
detailed  information  on  these  defenses  is  made  available  to 
the  aircrews  for  study.  With  tentative  routes  established, 
the  Electronic  Countermeasures  (ECM)  plan  is  prepared. 

The  ECM  plan  consists  of  determining  what  hardware  and 
tactics  to  use  on  the  mission.  The  hardware  is  made  up  of 
the  aircraft  selected  fcr  the  primary  mission  and  the  air¬ 
craft  selected  for  support  roles.  Selection  of  the  bomber 
is  based  on  performance  characteristics,  such  as  range  and 
speed,  as  well  as  ECP4  capabilities.  Some  bombers,  such  as 


the  B-52,  have  an  assigned  strategic  mission.  In  this  case, 
the  ECM  equipment  on  the  airplane  is  tailored  to  the  strate¬ 
gic  mission.  Some  bomhers  do  not  have  adequate  built-in 
ECM  equipment.  On  some  missions,  even  the  extensive  equipment 
on  a  B-52  may  not  be  sufficient  to  ensure  a  high  probability 
of  success.  In  these  cases,  support  aircraft  may  be  included 
as  part  of  the  plan. 

Two  examples  of  ECM  support  aircraft  are  stand-off  jam 
(SOJ)  platforms  and  defense  suppression  aircraft.  The  SOJ 
platform  has  a  pure  jamming  and  deception  role.  The  SOJ  air¬ 
craft  flies  out  of  enemy  weapons  range  and  uses  high  powered 
electronic  equipment  to  jam  and  confuse  enemy  radio  and 
radar  operators.  The  primary  defense  suppression  aircraft 
is  called  the  Wild  Weasel.  The  job  of  the  Wild  Weasel  is  to 
find  enemy  radar  controlled  SAM  or  AAA  batteries  and  destroy 
them.  Selection  of  the  hardware  depends  on  the  tactics  to  be 
used;  and  the  tactics  to  use  depends  on  the  hardware.  That 
is,  tactics  and  hardware  are  interdependent. 

The  ECM  tactics  employed  are  primarily  dependent  on  the 

type  of  operation.  The  timing  of  the  SIOP  is  designed  in 

such  a  way  that  the  bombers  saturate  the  enemy's  defenses  in 

one  area,  then  fly  individual  routes  to  the  targets.  During 

the  initial  phase  of  tha  attack,  the  bombers  support  each 

other  electronically.  As  the  bombers  diverge,  the  individual 

routes  are  designed  to  exploit  enemy  electronic  weaknesses, 

such  as  those  mentioned  above.  Each  aircraft  must  then  be 

prepared  to  defend  itself.  The  self-protection  tactics  used 

4 


are  developed  by  determining  what  equipment  the  enemy  has 
and  how  he  uses  it,  developing  and  testing  new  ECM  equipment 
or  tactics  to  counter  the  enemy  capability,  and  training  the 
crews  to  use  the  equipment  and  tactics  thus  derived  (see 
Figure  2) . 

This  same  process  is  followed  to  develop  the  equipment 
and  tactics  for  the  use  of  massed  bombers  in  a  tactical 
operation.  In  the  case  of  a  tactical  operation,  self-protec¬ 
tion  may  not  be  part  of  the  ECM  plan.  Many  other  tactics 
are  available.  These  ECM  tactics  include  defense  suppres¬ 
sion,  stand-off- jamming,  chaff  clouds  or  corridors,  elec¬ 
tronic  confusion,  and  electronic  saturation  through  the  use 
of  decoys.  Thus,  the  choice  of  tactics  is  based  on  the  type 
of  operation,  the  hardware  available,  the  routes  chosen,  and 
the  targets  assigned.  None  of  the  criteria  for  electronic 
warfare  (EW)  planning  mentioned  above  is  considered  in  iso¬ 
lation.  The  routes,  targets,  hardware,  tactics,  and  type  of 
operation  are  interdependent.  Each  is  considered  in  light  of 
the  others  before  the  final  operations  plan  is  established. 

The  Problem 

This  description  of  EW  planning  is  only  an  overview. 

The  interdependence  of  the  planning  factors  coupled  with  the 
growing  diversity  of  the  enemy's  anti-aircraft  equipment  and 
organization  pose  complex  problems  for  the  operations  planners. 
Many  of  these  problems  have  been  solved  through  the  use  of 
computer  models  and  sim^ulations .  Models  have  been  devised  to 

measure  the  effectiveness  cf  ECM  equipment  against  radars  of 
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most  types.  Models  for  many  different  scenarios  have  been 
developed,  but  none  of  these  models  has  successfully  included 
reactive  responses  (Ref  1). 

One  of  the  specific  problems  of  this  genre  concerns 
determining  a  value,  or  modeling  an  aircrew  reaction  to  a 
perceived  threat.  Although  the  problem  of  how  to  model 
maneuvers  has  been  present  in  the  past,  recently  it  developed 
a  greater  importance. 

The  increasing  mobility  of  the  Soviet  anti-aircraft 
forces  is  significantly  complicating  the  job  of  operations 
planners.  All  of  the  latest  Soviet  anti-aircraft  equipment 
is  mobile  (Ref  13s^9).  As  a  result  of  this  mobility,  a  num¬ 
ber  of  EW  planning  tactics  are  no  longer  as  useful  as  before. 

One  of  the  main  tactics  of  the  EW  planner  is  to  avoid 
enemy  defenses.  As  a  result  of  the  enemy’s  mobility,  the 
planner  is  reduced  to  planning  based  on  uncertain  defensive 
positions.  Avoidance  is  not  as  credible  a  tactic  in  this 
situation. 

A  second  tactic,  which  is  severely  degraded  by  enemy 
mobility,  is  exploitation  of  the  enemy  electronic  defense 
network.  With  a  mobile  air  defense  force,  the  enemy  is  cap¬ 
able  of  filling  gaps  in  radar  coverage;  and,  he  can  move 
equipment  to  locations  where  poorer  equipment  is  operating. 
Today's  weak  spot  may  be  tomorrow's  strong  point.  Thus,  the 
value  of  another  tactic  is  reduced. 

The  last  problem  caused  by  the  mobile  defense  concerns 
the  impact  on  the  aircrews.  Before  the  mobile  forces  were 
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deployed,  the  crew  could  study  a  mission  and  be  well  prepared 
for  the  defenses  to  be  encountered.  Now  ~he  aircrew  must  be 
prepared  to  counter  any  and  every  threat  the  enemy  can  field. 

As  a  result  of  the  above,  most  of  the  problem  of  de¬ 
feating  enemy  defenses  rests  on  the  aircrew's  reaction  once 
the  threat  is  perceived.  The  planner's  problem  remains  one 
of  determining  the  best  application  of  the  forces  available. 
This  problem  is  complicated  by  a  more  dynamic  battle  situation. 

The  key  factors  of  the  problem  of  aircrew  reaction  to 
perceived  threats  are  the  aircrew  detecting  the  enemy  radar, 
the  enemy  radar  operator  identifying  the  bomber,  and  the  sub¬ 
sequent  reactions  of  both  sides  in  the  ensuing  battle.  If 
radar  or  some  other  electromagnetic  device  is  not  used,  the 
situation  is  not  an  EW  problem  and  is  beyond  the  scope  of 
this  paper. 

The  aircrew  detection  and  enemy  radar  operator  target 
identification  processes  are  two  sides  of  the  same  problem. 

When  the  radar  detects  the  bomber,  the  radar  operator  must 
see  the  "blip"  on  his  scope  and  determine  that  the  blip  re¬ 
presents  a  bomber.  Conversely,  when  the  radar  signal  triggers 
the  electronic  warning  equipment  on  the  bomber,  the  aircrew 
must  recognize  the  signal  and  the  weapon  type  the  radar  sup¬ 
ports.  Although  the  problem.s  of  aircrew  detection  and  radar 
operator  interpretation  are  beyond  the  scope  of  this  paper, 
the  reaction  times  determined  in  the  studies  of  these  problems 


can  be  used  in  the  research  model. 

The  second  key  factor  of  the  problem  is  responses  of  the 


operator  or  crewmember  to  the  detection.  The  specific  actions 
of  the  radar  operator  are  beyond  the  scope  oi  the  paper, 
except  that  they  result  in  firing  of  a  SAM  or  AAA. 

The  reaction  of  the  aircrew  can  be  active  electronic 

« 

countermeasures,  physical  maneuvering  of  the  aircraft,  neither 
of  these  tactics,  or  both  of  these  tactics.  Active  electronic 
countermeasures  are  jamming  the  enemy  radar  signal,  dropping 
chaff,  and  employing  electronic  deception  techniques.  Con¬ 
sideration  of  these  reactive  tactics  is  beyond  the  scope  of 
this  study.  The  problem  of  reactive  ECM  is  an  area  that  has 
not  been  modeled  as  yet.  It  is  a  considerably  more  complex 
problem  than  the  problem  to  be  addressed. 

The  second  possible  action  available  to  the  aircrew  is 
to  maneuver  the  aircraft  to  minimize  exposure  to  the  ground 
threat.  This  is  an  application  of  the  avoidance  tactic.  As 
stated  above,  the  objective  of  this  paper  is  to  examine  an 
approach  to  solving  the  problem  of  quantifying  the  value  of 
reactive  maneuvering.  With  this  value  determined,  the  plan¬ 
ning  staff  will  have  a  better  understanding  of  how  much  force 
will  be  necessary  to  achieve  an  objective. 

Review  of  EW  Modeling 

Modeling  EW  is  a  relatively  new  development.  The  intro¬ 
duction  of  sophisticated  radar-directed  anti-aircraft  weapon 
systems  by  the  Soviets  resulted  in  the  need  to  develop  air¬ 
borne  systems  that  warn  aircrews  of  the  impending  attack. 

Other  equipment  was  needed  to  deny  the  enemy  radar  operator 
location  information  about  the  aircraft.  Modeling  and 
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simulating  developed  as  tools  to  evaluate  ECK  equipment  and 
tactics . 

One  of  the  earliest  comprehensive  efforts  at  simulating 
EW  was  the  formulation  and  construction  of  the  USAF  REDCAP 
electromagnetic  simulator  in  I964-I965.  The  simulator  was 
capable  of  evaluating  ECM  equipment  against  a  single  tracking 
radar.  More  radar  channels  and  a  variety  of  capabilities, 
such  as  chaff  simulation,  have  been  added  to  the  simulator. 
Today  the  system  is  capable  of  simulating  an  entire  air  de¬ 
fense  region  against  an  attack  by  hundreds  of  aircraft.  This 
simulator  has  been  used  extensively  by  the  U .  S.  Air  Force  to 
evaluate  tactics,  ECM  concepts,  and  EW  hardware  (Ref  3*1-2). 

The  history  of  the  REDCAP  simulator  is  a  typical  ex¬ 
ample  of  how  simulation  of  EW  by  digital  computers  has  grown. 
Today  there  are  many  models  of  air  warfare  which  include  EW 
(Ref  1).  However,  none  of  these  models  has  adequately  model¬ 
ed  reactive  EW,  including  maneuvers  (Ref  5)- 

A  model.,  called  the  Threat  Model  Penetration  Simulation 

Analysis  (TMPSA),  was  developed  for  the  Air  Force  Avionics 

Laboratory  by  the  University  of  Dayton  Research  Institute  to 

determine  whether  more  accurate  knowledge  of  threat  location 

by  a  penetrator  would  enable  the  aircraft  to  increase  its 

probability  of  survival.  In  the  model,  an  aircraft  seeks  to 

maximize  its  probability  of  survival  given  knowledge  of  all 

threats  lying  within  a  certain  distance  (Ref  19sl-2).  This 

flight  path  generation  model  is  a  first  step  in  putting  a 

value  on  maneuvers.  The  model  accomplishes  this  by  attempting 
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to  minimize  the  amount  of  time  the  aircraft  is  exposed  to 
lethal  enemy  ground  fire.  This  research  effort  proposes  to 
improve  TMPSA  as  described  above  by  refining  the  assumptions 
and  explicitly  accounting  for  some  uncertainties  assumed  to 
be  constants  in  the  TMPSA  model. 

The  Approach 

The  approach  used  is  to  compare  feedback  loops  to  deter¬ 
mine  a  minimum  lethality  time.  Feedback  loops  are  informa¬ 
tion  flows.  The  specific  loops  used  are  described  later. 

The  minimum  lethality  time  is  a  function  of  the  lethality  of 
a  defensive  system  at  various  ranges  and  the  amount  of  time 
the  aircraft  spends  within  these  particular  weapon  ranges. 

In  the  postulated  situation  shown  in  Figure  3.  'the  air¬ 
craft  must  navigate  from  the  starting  point  (S)  to  the  finish 
point  (F).  The  aircraft  track  is  denoted  by  the  dotted  line. 
The  solid  parallel  lines  represent  the  corridor  the  aircraft 
must  remain  within.  When  maneuvering  is  allowed,  these  re¬ 
present  the  maximum  lateral  travel  allowed  for  the  bomber. 
Each  circle  represents  a  fixed  enemy  SAM  or  AAA  unit.  Three 
types  are  noted  in  Figure  3  as  T^,  T and  T^.  The  total 
lethality  time  is  computed  by  multiplying  the  amount  of  time 
the  aircraft  is  in  each  circle,  which  is  a  constant  (At), 
by  the  lethality  of  the  circle  (P^;j_.  P^2  ’  ^k3^  '  approach 

used  in  the  TMPSA  model  is  to  divide  the  lethal  radius  of 


the  SAM  or  AAA  battery  into  segments  with  an  assigned  proba¬ 
bility  of  kill  based  on  the  range  and  azimuth  of  the  aircraft 
to  the  battery  site  (Ref  19:2).  Figure  4  is  an  example  of  a 


Pig,  3,  Generalized  Mission 


site  template  used  in  TMPSA . 

Three  levels  of  feedback  will  be  examined.  First,  the 
situation  will  be  considered  with  no  feedback.  Next,  a  feed¬ 
back  loop  will  use  the  TMPSA  model  flight  path  generator  to 
determine  the  reaction  with  perfect  information.  The  final 
feedback  loop  will  attempt  to  model  manual  reaction  based  on 
less  than  perfect  knowledge  about  the  enemy  defensive  system 
locations.  The  missions  with  these  three  levels  of  feedback 
will  be  called  the  preplanned  mission,  the  automatic  mission, 
and  the  manual  mission. 

The  purpose  of  the  preplanned  mission  is  to  determine  the 
total  lethality  time  of  the  aircraft  in  the  situation  when  no 
knowledge  of  the  threats  is  available  to  the  aircrew.  In 
this  situation,  the  aircraft  is  flown  over  its  preplanned 
route  and  its  total  exposure  to  lethal  enemy  weapon  effects 
is  computed. 

The  preplanned  mission  will  be  constructed  using  the  mis¬ 
sion  planning  assumptions  of  an  operational  Air  Force  staff 
against  a  random  distribution  of  ground  threats.  As  part  of 
the  study  of  the  unplanned  mission,  an  additional  unplanned 
threat  will  be  introduced.  The  new  situation  posed  by  this 
threat  will  be  examined  to  see  how  it  changes  the  total  leth¬ 
ality  of  the  penetration.  The  threat  location  will  be  changed 
for  each  iteration  of  the  model  so  the  entire  gamut  of  inter¬ 
actions  from  collocation  with  other  defenses  to  no  overlap 
of  defensive  fire  can  be  examined. 

The  automatic  mission  will  start  with  the  same  mission 

14 


as  the  preplanned,  but  as  the  airplane  penetrates,  the  crew 
is  assumed  to  have  perfect  knowledge  of  where  all  threats  are 
once  they  come  within  the  awareness  range  of  the  penetrator. 
Again,  the  total  lethality  will  be  determined,  but  this  time 
the  crew  will  be  allowed  to  react  based  on  the  given  infor¬ 
mation.  As  a  variation  of  the  automatic  mission,  a  second 
set  of  lethalities  will  be  computed  for  the  case  where  small, 
random  range  and  azimuth  errors  occur,  thus  simulating  sensor 
limitations.  In  this  variation  the  crew  will  no  longer  have 
exact  knowledge  of  the  threat  location.  Both  of  these  auto¬ 
matic  loops  will  use  the  flight  path  generator  of  TMPSA  to 
determine  the  aircrew  reaction  to  the  threat. 

In  the  manual  mission,  the  input  to  the  crew  will  be 
similar  to  the  imperfect  automatic  loop.  Crew  reactions  will 
be  modeled  based  on  reaction  times  from  studies  of  human 
responses  and  the  tactics  prescribed  by  the  major  commands 
for  these  type  engagements.  The  result  will  be  lethalities 
as  in  the  earlier  cases. 

This  step-by-step  approach  to  the  problem  should  result 
in  a  realistic  value  for  aircraft  reactive  maneuvering.  This 
algorithm  and  the  value  it  produces  for  maneuvering  should 
enable  planners  and  decision  makers  to  employ  forces  more 
efficiently.  An  interesting  result  of  determining  the  man¬ 
euver  value  is  that  it  provides  a  way  of  determining  the  value 
of  knowledge  of  enemy  defensive  locations.  The  emphasis  of 
the  approach,  however,  will  be  to  proceed  in  small  incre¬ 
ments  to  achieve  the  objective  of  quantifying  reactive  maneu¬ 
vering. 
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Chapter  II  The  Preplanned  Mission 


Introduction 

The  purpose  of  this  chapter  is  to  establish  a  control 
model  and  scenario  against  which  later  refinements  in  the 
model  can  be  compared.  To  this  end  the  relevant  planning 
assumptions  used  by  the  JSTPS  will  be  outlined.  Using  these 
assumptions,  a  route  segment  will  be  defined,  a  threat  ar¬ 
ray  established,  and  the  threat  site  template  described. 

With  these  parameters  established,  the  first  basic  model  will 
be  defined  and  run  results  shown.  Finally,  an  additional 
threat  will  be  added  to  the  scenario  and  the  model  will  be 
adjusted  to  treat  this  threat  as  having  an  uncertain  loca¬ 
tion.  This  second  basic  model  will  serve  as  the  control  model 

JSTPS  Planning  Assumptions 

The  JSTPS  attrition  methodology  applies  the  threat  mod¬ 
el  to  the  penetrator  on  a  one-on-one  basis.  The  output  of 
each  engagement  is  a  probability  of  kill  (Pjj)  of  the  pene¬ 
trator.  These  probabilities  are  then  combined  in  series  to 
yield  a  probability  of  arrival  (P^)  at  any  particular  point 
along  the  penetrator  route.  The  computation  is  accomplished 
as  follows: 

for  N  threats  encountered  (Ref  17:3-^+)  •  In  Chapter  one,  it 

was  stated  that  compai-ison  between  the  control  model  and  the 
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modified  models  would  be  based  on  the  lethality  time.  Since 
the  JSTPS  model  determines  a  probability  oi  arrival,  these 
two  approaches  must  be  reconciled. 


The  JSTPS  attrition  model  computes  a  probability  of  kill 
(Pj^)  for  each  threat  site  encountered.  The  Pp,  is  a  function 
of  the  probability  that  the  threat  successfully  1)  detects 
and  tracks  the  penetrator  (P^).  2)  fires  its  weapon  (Pg) »  and 
3)  the  weapon,  missile  or  AAA  rounds,  cause  lethal  damage  to 
the  penetrator  (Ref  17:8-10).  Mathematically  this  is: 


Pk  =  (Pd»Ps)('’k> 

Time  is  treated  by  determining  how  many  shots  (N)  the  site 
can  make  before  the  penetrator  is  out  of  enemy  weapon  range. 
This  computation  considers  the  geometry  of  the  penetrator  and 
threat  site  engagement,  and  the  ability  of  the  threat  site 
to  reengage  the  penetrator  (Ref  17:11).  This  results  in 
the  Pj^  formula  being  revised  slightly. 


When  all  Pj^ ' s  are  derived  for  the  aircraft  route.  Equation  1 
is  used  to  compute  the  probability  of  arrival. 

The  TMPSA  methodology  is  different  in  the  way  it  treats 
time  and  in  the  resulting  output.  Each  threat  site  template 
has  a  probability  of  kill  for  each  segment.  These  probabili¬ 
ties  are  static  probabilities  which  are  functions  of  the  range 
and  azimuth  of  the  penetrator  to  the  site  (Ref  19:2-5).  The 
TMPSA  program  sums  all  the  kill  probabilities  for  all  sites 

within  whose  lethal  ranme  the  aircraft  is  located  (P^„). 

l\i 
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Then  the  incremental  lethality  time,  called  exposure  (Ae), 
is  determined  by: 

Ae  =  •  At 

where  ^^t  is  the  time  increment.  Total  exposure  E  over  an 
entire  flight  path  is  then: 

where  N  is  the  number  of  time  increments  in  the  flight  path 
(Ref  20:3-4) . 

The  lethality  time  and  the  probability  of  arrival  are 
determined  by  the  same  inputs.  However,  the  TMPSA  methodo¬ 
logy  considers  the  penetration  problem  using  a  fixed  time 
increment.  The  JSTPS  methodology  is  event  oriented  where  time 
is  a  subroutine.  The  result  is  that  TMPSA  produces  a  scalar 
output  (probability  X  time)  and  the  JSTPS  model  produces  a 
probability  output  (probability).  The  TMPSA  result  is  a 
lethality  time  that  is  inversely  related  to  probability  of 
arrival  (Ref  20:1). 

Mission  Segment  Definition 

For  this  research,  a  route  segment  was  constructed  based 
on  the  start  and  finish  points,  the  track  the  aircraft  flies, 
the  distance  from  start  to  finish  on  track,  and  the  speed  of 
the  penetrator.  The  syrabols  and  their  defini  +  ions  for  con¬ 
structing  the  route  segment  are  noted  below. 

XI  =  the  starting  point  for  the  aircraft  and  the  zero 


time  location. 


XF  =  the  finish  point  for  the  aircraft  a.nd  the  run  stop 

time . 

T  =  a  straight  line  between  XI  and  XF  representing  the 
penetrator  track. 

Any  point  on  the  ground  can  be  measured  from  a  point  on  the 
track  by  noting  distance  and  angle  measured  clockwise  from 
the  track.  Thus,  along  track  is  zero  degrees.  Although 
not  too  important  in  this  model,  it  will  have  more  meaning 
in  later  developments. 

D  =  distance  measured  in  kilometers  between  any  two 
points  on  the  ground. 

VMN  =  speed  of  the  penetrator.  In  this  model,  the 
speed  will  be  constant. 

The  last  two  parameters  need  further  definition.  The 
route  segment  is  set  at  100  km  and  the  speed  of  the  penetra¬ 
tor  will  be  set  at  35O  knots.  The  length  of  the  route  seg¬ 
ment  was  set  arbitrarily.  The  sensitivity  of  the  model  to 
route  length  will  need  to  be  examined  later.  The  penetrator 
speed  represents  a  common  B-52  low  altitude  training  speed. 
As  noted  in  Chapter  one,  bombers  are  being  modeled.  This  is 
sufficient  for  this  model,  however,  later  model  development 
will  require  specifying  minimum  and  maximum  speed  limits. 
With  the  route  segment  defined,  the  threat  array  must  be  set. 

Threat  Array  Determination 

For  this  model,  an  artificial  threat  array  is  generated 
and  threat  system  parameters  will  be  arbitrarily  selected. 
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However,  for  planning  an  actual  bomber  sortie,  this  would 
obviously  be  unnecessary.  Having  noted  xhese  caveats,  the 
threat  array  determination  method  is  outlined  below. 

A  three-step  method  was  used  to  establish  the  strate¬ 
gic  (ie.  fixed  site)  threat  array.  First,  a  corridor  on  each 
side  of  the  penetrator  track  was  set  based  on  the  maximum 
threat  range.  For  this  model,  all  threats  represented  the 
same  weapon  system.  Next,  a  grid  system  was  devised  as  a 
way  of  locating  points  on  and  around  the  route.  Finally, 
ten  random  numbers  were  selected  to  locate  each  threat  on 
the  grid  system. 

Since  the  corridor  limits  depend  on  the  range  of  the 
threat  system  in  this  model,  the  first  step  was  to  determine 
the  threat  range.  In  this  case,  the  threat  range  was  arbi¬ 
trarily  set  at  10  km.  The  corridor  width  was  selected  to  be 
20  km  (10  km  on  each  side  of  track).  For  this  corridor,  a 
grid  of  one  kilometer  by  one  kilometer  squares  was  considered 
appropriate.  To  establish  the  ten  threat  locations,  ten  ran¬ 
dom  numbers  were  selected  from  the  CRC  Standard  Math  Tables 
(Ref  2:5^5) •  Lines  one  through  ten  of  column  eight  were 
selected  as  the  random  number  stream.  The  first  two  digits 
were  taken  as  the  x  coordinate.  The  middle  digit  was  ignored. 
The  y  coordinate  was  determined  by  the  last  two  digits.  The 
fourth  digit  was  reduced  to  a  zero  or  one.  If  the  fourth 
digit  was  even,  the  digit  became  a  zero,  if  odd,  it  became 
a  one.  The  revised  fourth  digit  and  the  fifth  digit  repre¬ 
sented  the  y  coordinate  (eg.  75  translated  to  15  and  85 
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translated  to  05)’  Table  1  shows  the  randcn  numbers  and  the 
X  and  y  coordinates  derived.  It  later  became  evident  that 
threats  were  needed  outside  the  corridor.  For  this  reason, 
another  2?  random  numbers  were  selected  from  the  CRC  Tables, 
column  7.  The  grid  was  expanded  to  include  a  distance  equal 
to  the  awareness  radius  from  each  corridor  at  25  km.  In 
effect,  the  grid  was  now  70  km  by  100  km.  To  establish  each 
plotted  position,  the  random  number  was  divided  as  before. 

The  first  two  digits  represented  the  x  coordinate.  The  mid¬ 
dle  digit  was  ignored.  The  y  coordinate  was  more  difficult 
to  compute.  If  the  fourth  digit  was  zero  through  four,  it 
was  not  changed.  If  it  was  five  through  nine,  five  was  sub¬ 
tracted.  If  the  last  two  revised  digits  were  greater  than 
25.  then  20  was  added  to  the  number  to  obtain  the  y  coordi¬ 
nate.  Otherwise,  the  last  two  digits  are  the  y  coordinate. 
Figure  5  is  a  plot  of  the  final  array.  The  final  step  in 
building  the  basic  model  was  to  define  the  threat  template. 

Threat  Template  Defined 

The  threat  template  represents  the  lethality  of  the 
threat  system  by  range  and  azimuth  of  the  penetrator  from 
the  threat  site.  The  lethal  radius  of  the  threat  system  is 
divided  into  segments  with  an  assigned  probability  of  Kill 
(Pj^),  as  shown  in  Figure  b  (see  Chapter  one).  As  an  air¬ 
craft  transits  a  segment,  the  total  lethality  time  of  the 
penetrator  is  incremented  by  the  segment  for  each  incre¬ 
ment  of  time  the  penetrator  is  in  the  segment.  Each  segment 
P„ ,  in  other  words,  represents  lethality  as  described  earlier 
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TABLE  1 


Random  Threat  Site  Location 


Site  Number  Random  Number  Coordinate 

_ X _ 


1 

14194 

14 

39 

2 

53402 

53 

27 

3 

24830 

24 

35 

4 

53537 

53 

42 

5 

81305 

81 

30 

6 

70659 

70 

44 

7 

18738 

18 

43 

8 

56879 

56 

44 

9 

84378 

84 

43 

10 

62300 

62 

25 

12 

69179 

69 

49 

13 

27982 

27 

52 

14 

15179 

15 

49 

15 

39444 

39 

64 

16 

6o468 

60 

18 

17 

18602 

18 

02 

18 

71194 

71 

64 

19 

94595 

94 

65 

20 

57740 

57 

60 

21 

38867 

38 

17 

22 

56865 

56 

15 

23 

18663 

18 

13 

24 

36320 

36 

20 

25 

67689 

67 

59 

26 

47564 

47 

14 

27 

60756 

60 

06 

28 

55322 

55 

22 

29 

18594 

18 

64 

30 

83149 

83 

69 

31 

76988 

76 

58 

32 

90229 

90 

4q 

33 

76468 

76 

18 

3^ 

94342 

94 

62 

35 

45834 

45 

54 

36 

60952 

60 

02 

37 

66566 

66 

16 

38 

89768 

89 
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The  Basic  Scenario 


in  this  chapter. 

For  this  research,  the  threat  template  used  was  exact¬ 
ly  the  same  as  the  template  shown  in  Figure  4.  The  segments 
are  two  kilometers  deep  and  subtend  a  45  degree  arc.  The 
segment  ' s  are  for  a  hypothetical  terminal  ground  defense 
site.  With  the  site  template  parameters  set,  we  now  turn 
our  attention  to  the  computer  program  to  run  the  basic  model. 

The  Basic  Model 

The  computer  program  for  the  basic  model  is  the  TMPSA 
program.  A  copy  of  the  program  is  in  Appendix  A.  All  vari¬ 
ables  are  identified  in  this  program  listing. 

The  results  for  the  basic  model  are  shown  in  Appendix  C . 
The  most  important  result  is  that  total  exposure  equals  63.99. 

The  Control  Model 

The  control  model  represents  the  no-feedback  case.  The 
other  models  developed  will  be  compared  to  the  results  of 
this  model. 

There  are  only  two  changes  to  the  input  required.  The 
number  of  threat  sites  is  increased  to  eleven  (NSITE  =  11) . 
With  the  increase  in  sites,  another  location  is  required. 
Using  the  same  technique  described  earlier,  the  random  num¬ 
ber  56865  was  selected  from  the  CRC ,  line  11  column  8  (Ref 
2:545).  Since  this  site  is  not  static,  a  range  of  locations 
is  needed.  It  is  noted  that  the  only  variability  this  new 
threat  poses  in  this  situation  is  with  respect  to  the  threat 

offset  from  the  flight  path.  Thus,  the  x  coordinate  was 
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taken  as  56  and  the  y  coordinate  was  varied  from  one  corridor 
limit  to  the  other.  The  program  output  is  in  Appendix  C. 

The  run  results  are  shown  in  Table  2. 


TABLE  2 

Control  Model:  Total  Exposure  Table 


Mobile  Threat  Location  Total  Exposure 


X 

Z 

56.00 

27.5 

67.87 

56.00 

30.0 

80.00 

56.00 

32.5 

80.43 

56.00 

35.0 

79.48 

56.00 

37.5 

80.43 

56.00 

40.0 

80.00 

56.00 

42.5 

67.87 
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Chapter  III  The  Automatic  Mi ton 


Introduction 

In  this  chapter,  results  are  presented  for  the  case 
where  the  TMPSA  program  was  used  to  determine  the  flight 
path  through  the  threats.  This  is  the  opposite  extreme  situ¬ 
ation  from  Chapter  two.  Thus,  in  this  chapter  we  assume  per¬ 
fect  knowledge  of  threat  locations  in  determining  the  air¬ 
craft  flight  path.  The  previous  chapter  assumed  no  know¬ 
ledge  of  threat  locations. 

The  TMPSA  program  includes  the  capability  to  be  used  as 
the  flight  path  generator.  The  procedures  for  determining 
the  exposure  were  the  same  as  used  in  Chapter  two.  The  dif¬ 
ference  in  using  the  full  power  of  TMPSA  is  the  ability  of 
the  program  to  choose  among  alternate  routes.  This  is  accom¬ 
plished  by  the  program  through  a  change  of  the  input  data. 

The  procedure  requires  input  of  the  aircraft  speed  (VMN) 
required  to  reach  the  finish  point  on  schedule.  It  is  im¬ 
portant  to  note  that  VMN  is  the  constant  x  component  of  the 
velocity.  Next,  the  maximum  speed  (VMX)  for  the  aircraft  is 
input.  This  implies  that  the  aircraft  cannot  deviate  from 
the  centerline  of  the  corridor  by  an  angle  greater  than: 


y 


’  Arccos  (|f ) 


If  a  deviation  of  greater  than  Y is  allowed,  VMN  would  no 
longer  suffice  as  the  x  direction  velocity  component.  The 


third  bit  of  inform;ation  r'-^cuired  is  the  awareness  radius  (R). 
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This  is  the  maximum  distance  at  which  the  aircraft  becomes 
aware  of  the  threat.  Figure  6  shows  the  resulting  geom^etry 
(Ref  19:4)  . 


Fig.  6.  TMPSA  Wedge  Geometry  (1) 


The  next  step  was  to  divide ^^^into  a  number  of  parts 
(J)  which  is  input.  This  results  in  2J  +  1  rays  emanating 
from  the  current  aircraft  location  (x,  y) .  Each  ray  is  then 
subdivided  inxo  a  number  of  steps  x^ ,  X2 .  ....  Xj^ .  (Ref  19:9). 
Figure  7  illustrates  this  situation. 


The  TMPSA  program  computes  the  exposiiro  along  each  of  '.he 
2J  +  1  rays  through  N  steps,  then  selects  the  ray  with  the 
minimum  exposure.  The  aircraft  position  is  m.oved  one  step 
along  that  ray  and  the  position  and  exposure  are  updated. 

Then  the  process  is  repeated  (Ref  19:9). 

The  program  makes  two  tests  to  keep  the  aircraft  within 
specified  limits.  The  corridor  test  ensures  that  the  air¬ 
craft  does  not  stray  beyond  the  corridor  lim.its.  This  is 
accomplished  by  eliminating  any  ray  from  consideration  which 
would  cause  the  aircraft  to  make  its  next  step  out  of  the 
corridor.  The  second  test  is  the  "wedge"  test  to  ensure  that 
the  aircraft  arrives  over  the  finish  point.  This  is  accom¬ 
plished  by  determining  the  maximum  lateral  distance  the  air¬ 
craft  can  be  from  the  centerline  and  still  reach  the  final 
point  assuming  flight  at  maximum  speed.  For  the  wedge  test, 
note  the  geometry  in  Figure  8.  If  the  aircraft  is  allowed  to 
travel  into  the  shaded  area,  it  cannot  maintain  a  constant 
x  direction  velocity  and  reach  XF  on  schedule.  Therefore, 
any  ray  causing  the  aircraft  to  step  out  of  the  wedge  is  eli- 


Fig.  8.  TMPSA  Terminal  Wedge  Geometry 
Automatic  Input 

Two  cases  were  considered  for  perfect  knowledge.  In  the 
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first  case,  the  awareness  radius  is  set  to  25  kilometers, 
the  maximum  number  of  steps  the  program  can  hold.  This  was 
done  so  that  each  step  would  equal  one  kilometer,  thus  the 
output  would  be  com.parable  with  the  control  model  output. 

In  the  second  case,  the  awareness  radius  was  set  at  100  kilo¬ 
meters,  thus  allowing  the  aircraft  the  capability  of  select¬ 
ing  its  path  based  on  knowledge  of  all  threats  in  this  scenar¬ 
io.  This  results  in  a  four  kilometer  step  size.  The  m.aximum 
speed  allowed  in  both  cases  v/as  390  knots  (722  km/hr)  (Ref  18). 
The  number  of  rays  considered  was  eleven.  This  is  the  max¬ 
imum  capability  of  the  TMPSA  program. 

Automatic  Run  Results 

The  run  results  for  the  two  cases  of  the  automatic  mis¬ 
sion  are  shown  in  Table  3- 


TABLE  3 

Automatic  Model:  Total  Exposure 


Mobile  Threat 

X 

Location 

y 

Case  1 

1  KM  Steps 

Case  2 

4  KM  Steps 

d 

56.0 

27.5 

42.16 

67.31 

25.15 

56.0 

30.0 

48.17 

78.29 

30.12 

56.0 

32.5 

50.01 

62.27 

12.26 

56.0 

35.0 

50.36 

62.67 

11.91 

56.0 

37.5 

53.98 

69.20 

15.22 

56.0 

40.0 

40.41 

64.78 

24.37 

56.0 

42.5 

36.44 

60.38 

23.94 

Note  that  the  results  for  the  two  cases  described  above  follow 

a  similar  trend.  A  paired  t-test 
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indicates  that  there  is  a 


statistical  difference  between  the  two  results  at  the  95  per¬ 
cent  confidence  level.  The  column  labeled  a  is  the  differ¬ 
ence  between  the  second  case  and  the  first.  Let  D  =  ^  ^  ^  d^ , 

2  .  ^ 
and  compute  s^,  the  sample  variance. 


s 


2 

d 


<^i  L) 

n 

1 


2 


where,  n  =  the  number  of  d^'s.  For  the  data  in  Table  4,  we 
obtain:  D  =  20.42,  s^  =  51*?5.  n  =  7 

The  null  hypothesis  is  that  the  mean  of  the  deviations  (d) 
is  zero.  The  test  statistic  is: 

to  =  D  /  ^4^  =  7.510 

The  tabulated  t  for  a  two-tailed  test  with  95  percent  con¬ 
fidence  and  six  (ie.  n  -  1)  degrees  of  freedom  is,  t  =  2.365 
(Ref  9:477).  The  rejection  criteria  for  this  test  is,  reject 
if  (Raf  9'‘26?,269).  Clearly,  the  hypothesis  is  re¬ 

jected.  Since  step  size  causes  a  significant  difference  in 
exposure,  the  step  size  will  be  held  constant  throughout  the 
experiment,  if  possible. 

The  above  discussion  concludes  this  section  on  perfect 
knowledge  of  the  threat  locations.  In  the  next  section, 
exposure  is  examined  when  perfect  knowledge  is  not  available, 
for  example,  due  to  sensor  limitations,  but  an  automatic 
flight  path  generator  is  used. 

Uncertainty  of  Location 

Due  to  the  complexity  of  the  geometry  between  the  threat 
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sites,  their  templates,  and  the  aircraft,  the  problem  of 
uncertainty  is  resolved  using  simulation.  r?ie  measurement 
of  range  and  azimuth  is  simulated  by  adding  zero-mean,  normal 
ly  distributed  noise  terms  to  the  actual  range  and  azimuth. 
The  procedure  for  accomplishing  this  is  described  below. 

The  algorithm  is  included  as  part  of  the  TMPSA  program  in 
Appendix  B. 

The  algorithm  used  by  the  program  to  accomplish  the 
randomization  of  the  site  location  with  respect  to  the  air¬ 
craft  is  based  on  changing  the  statistical  scale.  The  algo¬ 
rithm  begins  with  selection  of  a  series  of  random  numbers, 

R.,  from  a  uniform  distribution  between  zero  and  one.  A 
unit  variance  is  generated  bys 
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The  result  approximates  a  sample  drawn  from  a  truncated  nor¬ 
mal  (0,1)  disxribution  (Ref  12:90-95).  Multiplying  the  sampl 
by  the  standard  deviation  yields  a  noise  term  In  effect, 
the  multiplication  spreads  the  normal  distribution.  The 
noisy  azimuth  measurement  becomes; 
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where,  0(^  is  the  noisy  azimuth  measurement  to  the  kth  site, 
is  the  actual  azimuth  measurement  to  the  kth  site,  and 
is  the  standard  deviation  of  the  azimuth  measurement 
(Ref  20:6).  The  addition  results  in  the  normal  distribution 
being  moved  from  zero  to  the  actual  azimuth. 


The  noisy  range  measurement  is  determined  by: 

'■i  =  ■'k  "  '•k  \ 

where,  r^^  is  the  noisy  range  to  the  site,  r^^  is  the 
actual  range  to  the  site,  is  the  standard  deviation 

of  the  normalized  range  measurement  and  is  a  normally 
distributed  random  variable  with  unit  variance  generated 
the  same  way  as  (Ref  20:7). 

The  location  from  the  aircraft  for  site  k  is  deter¬ 
mined  by  the  relationships  above,  ie . 

^k  "  ^n  ^k  ^k 

where  is  the  aircraft  location.  This  computation 

results  in  an  estimate  of  the  site  location  for  one  measure¬ 
ment  . 

Clearly,  if  a  large  number  of  measurements  were  taken 
and  averaged,  the  limiting  condition  would  be  to  have  per¬ 
fect  knowledge  of  threat  locations.  In  actual  fact,  time 
is  available  to  take  only  a  finite  number  of  measurements. 
The  question  then  is  how  many  measurements  can  a  processor 
handle  in  the  time  it  takes  to  make  each  step.  The  proce¬ 
dure  to  estimate  this  was  to  define  the  processing  time  per 
measurement ,  and  the  distance  per  step  and  speed  in  the  x 
direction.  Dividing  the  distance  by  the  speed  and  then 
dividing  this  result  by  the  processing  rate  will  yield  the 
number  of  measurements  per  step. 

The  last  problem  to  be  solved  is  the  determination  of 
the  number  of  simulation  runs  required.  Since  there  is 


uncertainty  as  to  the  standard  deviation  of  the  exposure 
for  each  run  and  the  feasible  range  of  the  possible  stand¬ 
ard  deviation,  a  formulation  for  the  number  of  runs  is: 

/rj  n2  2 

(2o(/2)  (T' 

n  =  - p — 

where,  n  is  the  number  of  samples,  risk  to  be 

taken  (ie.  two-tailed  standard  normal  statistic 

for  the  level  selected)  ,  and  is  the  interval  about 

the  mean  in  which  the  sample  value  will  lie  between 
100  (l-0()  percent  of  the  time  (Ref  16;188). 

This  ends  the  discussion  of  the  formulation  for  the 
case  with  uncertain  threat  location.  In  the  next  section, 
actual  parameters  to  be  used  are  presented. 


Uncertain  Location  Inputs 

The  first  inputs  necessary  for  the  simulation  are  the 
standard  deviation  of  the  range  and  azimuth  ( and  (7^  )■ 

In  an  earlier  study  using  TMPSA  it  was  determined  that  expo¬ 
sure  increased  greatly  when  0^  ^  0.15  and  5  degrees 

(Ref  20:13).  These  critical  values  will  be  used.  An 
argument  will  be  offered  later  that  sensitivity  analysis 
of  these  parameters  is  unnecessary. 

The  next  input  parameter  needed  is  the  number  of 
measurements  per  step.  Assume  one  second  is  required  for 
each  measurement.  The  aircraft  in  this  model  is  travel¬ 
ing  at  648  kilometers  per  hour  at  one  kilometer  per  step  in 
the  x  direction.  Therefore,  the  processor  is  averaging  more 
than  five  measurements  per  step.  Obviously,  the  number  of 
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measurements  per  time  is  sensitive.  The  time  of  one  second 
per  raeasurem*^  t  is  slow  for  modern  processors  ,  and  is 
therefore,  a  conservative  assumption  (Ref  8;E-3)(Ref  15:9). 

It  is  further  noted  that  for  ten  or  more  measurements  the 
exposure  rate  converges  rapidly  to  a  low  value  (Ref  20:13-16) 
It  is  by  this  same  set  of  circumstances  that  it  was  shown 
that  the  exposure  becomes  fairly  constant  for  a  suitably 
large  number  of  measurements  (Ref  20:13-16).  Thus  sensi¬ 
tivity  analysis  of  (T^  and  is  unnecessary. 

The  formula  for  determing  the  number  of  runs  indicates 
that  l6  runs  would  be  needed  (rounded  up  from  15.37)  "to 

have  a  95  percent  probability  that  the  average  exposure 

+ 

over  those  runs  will  lie  within  the  interval  ju.  where  ^ 

is  the  true  average  exposure,  and  b  =  2.  Since  this  is  a 
very  broad  range,  these  initial  runs  are  used  to  determine 
a  sample  standard  deviation  (s).  This  statistic  and  the 
t  statistic  are  then  used  to  derive  another  number  of  runs. 

In  this  case,  the  number  of  runs  is  determined  by: 


n  = 


2  2 
t^s 


where,  t  is  the  tabulated  t  value  for  the  desired  confidence 

level  {d,  )  ,  and  the  degrees  of  freedom  of  the  sample  runs, 

2 

s  is  the  estimate  of  the  variance  obtained  from  the  sample 
runs  and  d  is  the  half -width  of  the  confidence  interval 
specified  (Ref  16:189). 


Run  Results  with  Uncertainty 


The  results  of  the  first  sixteen  runs  are  shown  in 


Table  4.  The  cumulative  exposure  and  standard  deviation  are 
indicated. 


TABLE  4 

Average  Exposure: 

16  Runs 

Run 

Total 

Exposure 

Cumulative 

Average  Exposure  Standard  Deviation 

1 

55.07 

55.07 

— 

2 

55.61 

55.3^ 

.382 

3 

60.38 

57.02 

2.922 

4 

56.94 

57.00 

2.386 

5 

54.62 

56.52 

2.325 

6 

54.08 

56.12 

2.306 

7 

55.48 

56.02 

2.119 

8 

58.57 

56.34 

2.158 

9 

54.89 

56.18 

2.076 

10 

57.51 

56.32 

1.002 

11 

58.32 

56.50 

1.993 

12 

55.36 

56.40 

1.928 

13 

54.80 

56.28 

1.899 

14 

55.72 

56.24 

1.831 

15 

55.46 

56.19 

1.776 

16 

58.18 

56.31 

1.786 

Clearly,  the  average  exposure 

is  converging  to  a  value 

around  56.  To 

compute  the  average 

exposure  within  ±  0.5» 

however,  with  a  90  percent  confidence  requires  n  runs. 


The  t  statistic  is  the  t  value  for  I5  degrees  of  freedom 

and  o(  =  0.1.  This  equals  1.753  {Ref  9:477).  From  Table  4, 
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s  equals  1.786,  And  d  is  the  interval  of  ±0.5.  Therefore, 


n  ,  (1.753)^1.786)^  ,  35^2 

(.5)^ 

By  making  40  runs,  it  can  be  stated  with  a  90  percent  con¬ 
fidence  that  the  actual  average  exposure  lies  between  plus 
and  minus  0.5  of  the  computed  value.  Table  5  shows  the 
average  results  for  each  case  of  40  runs.  The  computer  out¬ 
put  is  in  Appendix  C . 


TABLE  5 

Uncertain  Model;  Total  Exposure  Table 

Mobile  Threat  Location  Average  Exposure  Standard  Deviation 
_ X _ X. 


56.0 

27.5 

44.0 

3.7 

56.0 

30.0 

52.5 

4.2 

56.0 

32.5 

51.8 

3.5 

56.0 

35.0 

52.3 

3.7 

56.0 

37.5 

56.0 

3.7 

56.0 

40.7 

44.4 

3.^ 

56.0 

42.5 

38.8 

3.7 

This  completes  the  discussion  and  data  collection  for 
the  automatic  model.  In  the  next  chapter,  some  of  the  com¬ 
plexities  of  the  human  and  machine  interactions  used  to  model 
the  manual  mission  are  introduced  into  the  model. 
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Chapter  IV  The  Manual  Mission 

The  manual  mission  involves  more  specific  modeling  of 
the  human  factor  in  the  experiment.  First,  an  overview  of 
human  reaction  time  theory  is  presented.  Next,  current  air¬ 
crew  interactions  are  described,  and  the  complexities  of  these 
interactions  are  discussed.  From  this  a  simplified  aircrew 
reaction  model  is  developed.  Finally,  this  model  is  used 
to  modify  the  TMPSA  input  data.  The  revised  input  is  run 
using  TMPSA,  as  shown  in  Appendix  B,  and  the  output  derived 
will  parallel  the  results  of  Chapters  two  and  three. 

Overview  of  Human  Reaction  Time  Theory 

There  are  currently  two  principal  theories  to  describe 
human  response  times,  the  additive  component  theory  and  the 
variable  criterion  theory  (Ref  6:431), 

The  older,  additive  component  theory  traces  its  origins 
to  the  experiments  of  Donders  during  the  mid  1800's  (Ref  14:2). 
One  of  the  most  recent  applications  of  this  theory  is  the 
method  of  convolution  (Ref  10:3-4).  Using  this  method, 

Kohfeld  and  Nullmeyer  identified  three  component  stages  of 
response  time;  sensory-detection,  stimulus  identification, 
and  response  execution  (Ref  10:11).  The  main  contention  of 
this  theory  is  that  these  stages  occur  consecutively  rather 
than  simultaneously.  Thus,  the  components  are  additive  in 
nature . 

The  variable  criterion  theory  was  first  proposed  by 
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Grice  in  I968  (Ref  14:4).  In  its  present  form,  the  theory 
postulates  that  "response  evocation  will  result  when  the 
combined  strength  of  the  (sensory)  processes  satisfies  a 
decision  criterion."  (Ref  6:431).  For  a  simple  reaction 
time  experiment,  sensory  growth  occurs  with  respect  to  time 
in  a  negative  exponential  fashion  until  it  reaches  the  cri¬ 
terion.  The  criterion  is  described  as  a  normal  distributed 
random  variable.  At  the  point  where  excitatory  strength 
reaches  this  momentary  criterion  level,  a  response  occurs 
(Ref  14:8).  A  basic  premise  of  this  theory  is  that  reac¬ 
tion  time  need  not  and  should  not  be  broken  down  into  com¬ 
ponent  parts  to  be  described.  This  theory  holds  that  the 
components  vary  from  completely  overlapping  to  no  overlap¬ 
ping  and  therefore  cannot  be  summed  accurately. 

Irrespective  of  the  theory  used,  there  are  a  number  of 
factors  which  affect  reaction  time.  The  most  important  of 
these  factors  are  noted  as  follows: 

a.  The  sense  used. 

b.  The  characteristics  of  the  signal. 

c.  The  complexity  of  the  signal. 

d.  The  signal  rate. 

e.  Whether  or  not  anticipatory  information  is  provided. 

f.  The  response  characteristics  of  the  body  member  used. 

(Ref  11:228) . 

These  factors  will  be  used  to  build  the  simple  aircrew  re¬ 
sponse  model. 

First,  however,  a  description  of  a  current  bomber 
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aircrew  interaction  is  presented.  This  relies  heavily  on 
the  author's  seven  years  of  experience  as  a  E-52  Electronic 
Warfare  Officer  (EWO) . 


Description  of  Current  Bomber  Crew  Procedure 

The  simplest  engagement  is  the  one-on-one  situation. 

In  this  case,  the  engagement  begins  for  the  aircrew  when  any 
crewmember  detects  a  threat.  Under  normal  circumstances,  the 
EWO  will  detect  a  radar  directed  threat  first  on  ECM  re¬ 
ceivers.  Information  about  the  relative  location  of  the 
threat  is  passed  to  the  rest  of  the  crew.  If  the  threat  is 
immediate,  the  pilot  will  attempt  to  maneuver  the  aircraft 
to  avoid  being  hit  while  the  EWO  applies  electronic  self¬ 
protection  measures.  If  more  time  is  available,  the  navi¬ 
gator  may  become  involved.  Based  on  the  relative  location 
transmitted  by  the  EWO,  the  navigator  will  attempt  to  identi¬ 
fy  the  threat  from  among  the  known  enemy  threats  in  the  area. 
Then  he  will  direct  the  pilot  to  follow  a  course  which 
enables  the  bomber  to  avoid  the  lethal  envelope  of  the  threat. 

Although  the  procedure  is  fairly  simple  to  describe, 
the  possible  interactions  result  in  a  virtually  infinite  num¬ 
ber  of  possible  aircraft  maneuvers.  Variables  include  the 
time  it  takes  the  EWO  to  detect  and  identify  the  threat,  the 
time  it  takes  him  to  transmit  this  information  to  the  rest 
of  the  crew,  the  time  it  takes  for  the  pilot  to  "detect"  the 
EWO’s  message,  and  finally,  the  specific  maneuver  the  pilot 
chooses  to  make.  These  variables  do  not  even  consider  the 


time  required  to  react  if  the  navigator  is  involved  in  the 
process.  In  the  next  section,  a  much  simplei’  model  is  de¬ 
veloped.  Its  purpose  is  to  include  the  man  in  the  loop  of 
the  TMPSA  program. 

Simplified  Crew  Procedure 

To  simplify  the  crew  reaction  model,  the  follov/ing 
scenario  is  used.  Aircraft  sensors  receive  the  threat  radar 
emissions.  This  information  is  processed  using  an  algorithm 
like  TMPSA.  The  output  is  then  passed  in  the  form  of  a  digi¬ 
tal  readout  to  the  pilot.  The  pilot  is  prompted  to  respond 
by  observing  the  heading  readout.  He  responds  by  making  an 
input  via  the  aircraft  controls.  Then,  the  aircraft  mecha¬ 
nical  response  follows. 

As  noted  earlier,  the  hardware  sensing-processing  time 
is  assumed  to  be  one  second  (see  Chapter  three).  The  crew¬ 
member  response  time  to  a  visual  prompt  is  on  the  order  of 
0.2  second  (Ref  11:229)  (Ref  7!305.307)*  However,  for  tasks 
such  as  the  simple  response  outlined  above,  the  maximum 
rate  of  response  is  two  to  three  per  second  (Ref  11:231). 
These  are  mean  times  drawn  from  the  probability  distribu¬ 
tions  for  reactions  as  described  earlier  in  this  chapter. 

They  are  sufficient  for  the  purpose  of  this  study.  Assuming 
a  conservative  two  responses  per  second  reaction  rate,  the 
pilot  can  keep  pace  with  the  sensor-processor,  except  there 
will  be  a  half  second  lam. 


Another  lag  occurs  when  the  mechanical  input  of  the 


pilot  is  translated  into  aircraft  movement.  The  first  part 
is  the  aircraft  response  time.  The  second  part  is  the  time 
it  takes  the  aircraft  to  complete  the  turn.  The  mechanical 
response  time  is  considered  a  constant  for  like  aircraft 
while  the  turn  time  is  based  on  the  aircraft  turn  rate  and 
angle  through  which  the  aircraft  must  turn.  Continuing  use 
of  the  B-52  data,  the  mechanical  response  time  is  on  the  order 
of  a  half  second  (Ref  4).  The  time  required  to  complete  a 
turn  is  a  function  of  the  angle  of  bank,  the  altitude,  and 
the  speed  of  the  aircraft. 

Another  way  to  view  the  simplified  crew  procedure  is 
to  consider  actions  along  a  time  line  (see  Figure  9).  The 
action  starts  with  the  sensor  picking  up  a  threat  signal. 

After  one  second,  a  heading  readout  is  displayed  for  the  pi¬ 
lot.  The  pilot  reaction  time  is  a  half  second.  Finally,  it 
takes  a  half  second  for  the  mechanical  translation  of  the 
pilot's  input  to  start  the  aircraft  turning  and  a  certain 
amount  of  time  to  complete  the  required  turn. 

If  the  readout  changes  during  this  time,  it  is  assumed 
the  pilot  would  be  too  preoccupied  to  notice.  In  that  case, 
the  next  cycle  begins  when  the  pilot  rolls  out  on  the  first 
indicated  heading.  Thus,  the  delay  is  actually  only  the 
time  required  for  the  pilot  and  aircraft  to  react  to  a  new 
heading.  During  that  reaction,  another  heading  is  being  pro¬ 
cessed.  Figure  9  shov/s  these  simultaneous  actions. 

Manual  Model  Inputs 


To  make  the  results 


the  mianual  model  comparable  with 
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the  control  model,  it  is  necessary  to  minimise  the  changes  to 
the  input  data.  The  method  used  is  to  determine  how  quickly 
the  man-machine  system  can  react.  Assuming  that  the  aware¬ 
ness  radius  (R  in  the  model)  remains  25  km,  the  size  of  each 
step  (DX),  the  number  of  steps  in  the  awareness  radius  (NSEG), 
and  the  number  of  measurements  for  each  reaction  (NM)  can  be 
computed. 

Figure  9  shows  how  the  event  chain  occurs.  Figure  10 


below  portrays  this  event  chain  as  a  cycle. 
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Fig.  10.  Penetrator  Response  Cycle 
In  the  previous  section,  the  crew  response  time  was  assumed 
to  be  a  half  second,  and  aircraft  mechanical  response  time 
was  stated  tc  be  a  half  second.  The  turn  time  must  be  deter¬ 
mined. 

As  noted  earlier,  the  airspeed,  altitude,  and  bank  angle 
of  the  aircraft  determine  the  level  rate  of  turn.  In  this 
model,  the  altitude  and  airspeed  are  constant.  The  alti¬ 
tude  is  about  1,000  ft,  and  the  airspeed  ranges  from  350 
knots  to  390  knots.  The  maximum  turn  T^for  this  scenario 
is  computed  by: 

minimum  speed 
maximum  speed  ' 

Using  the  airspeeds  above,  r  =  26,2  degrees. 

The  only  variable  left  is  the  angle  of  bank.  At  low 


altitude,  the  normal  angle  of  bank  used  by  the  B-52  is 
12  degrees  to  15  degrees.  However,  a  turn  oi  up  to  30  de¬ 
grees  is  possible,  but  hazardous  (Ref  18).  The  fastest  rate 
of  turn  for  30  degrees  angle  of  bank  is  at  the  slower  air¬ 
speed  (ie.  350  knots).  The  maximum  turn  rate  is  1.8  degrees 
per  second  at  350  knots,  1,000  ft  altitude,  and  30  degrees 
angle  of  tank  (Ref  18).  Therefore,  to  complete  the  26.2 
degree  turn,  the  shortest  time  is  lh.5  seconds.  This  repre¬ 
sents  the  minimum  time  for  the  maximum  turn.  It  is  possible 
with  the  TMPSA  program  for  the  aircraft  to  turn  from  a  m.ax- 
imum  heading  of  +  r  to  a  maximum  heading  of  -r,  thus  cove 
ing  Z^Y'  degrees.  Since  this  represents  a  rather  violent 
maneuver,  it  is  assumed  that  extraordinary  measures  such  as 
this  would  be  accomplished  by  exceeding  the  assumed  param.e- 
ters  of  the  scenario.  For  this  reason  the  14.5  second  turn 
time  will  be  used.  Also,  any  smaller  turn  can  be  made  in 
this  time  using  a  shallower,  and  thus  safer  angle  of  bank. 
Therefore,  this  is  used  as  the  turn  time  constant. 

The  total  response  cycle  is  a  half  second  for  crew  re¬ 
sponse,  half  a  second  for  aircraft  mechanical  response,  and 
14.5  seconds  for  completing  the'  maneuver.  The  sum  of  these 
is  15-5  seconds. 

The  size  of  each  step  is  a  function  of  the  airspeed 
(in  the  x  direction),  and  the  total  response  time.  That  is: 

.  (15  5  sec _ )  =  2.79  M - 

3,600  sec/hr  response  response 


In  the  TMPSA  program  this  is  DX . 
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Since  the  awareness  radius  (R)  is  kept  at  25  kilometers, 
the  number  of  steps  (NSEG)  in  the  awareness  I’adius  is: 

DX  =  or  2.79  =  HgQ  and  NSEG  =  9  by  choosing 

the  closest  integer. 

The  last  piece  of  information  needed  is  the  number  of 
measurements  per  step  (NM).  This  is  the  number  of  measure¬ 
ments  which  can  be  processed  during  each  response  cycle. 

NM  is  computed  by: 

(15.5  seconds/response )( 1 . 00  measurments/second)  = 

15.5  measurements/response  (round  down  to  the  nearest  integer). 

To  summarize,  the  inputs  for  the  manual  mission  are: 

R  =  25 
NSEG  =  9 
NM  =  15 

Run  Results 

To  be  comparable  with  the  results  in  Chapters  two  and 
three,  the  TMPSA  program  was  run  through  forty  iterations  for 
each  position  of  the  mobile  threat.  The  output  is  in  Appen¬ 
dix  C.  The  results  are  summarized  in  Table  6. 


Results 


In  this  chapter,  the  results  of  the  missions  described 
in  Chapters  two  through  four  are  tabulated  and  analyzed. 
Table  7  summarizes  the  results  for  all  four  mission  types. 


TABLE  7 

Summary  Results  Table 


Index 

i 

Threat  Control 

y-coordinate 

Exposure 

Automatic  Uncertain 

Manual 

1 

27.5 

67.87 

42.16 

44.0 

3.7 

34.6 

4.2 

2 

30.0 

80.00 

48.17 

52.5 

4.2 

46.8 

4.4 

3 

32.5 

80.43 

50.01 

51.8 

3.5 

44.3 

3.2 

4 

35.0 

79.^8 

50.36 

52.3 

3.7 

44.6 

3.6 

5 

37.5 

80.43 

53.98 

56.0 

3.7 

48.7 

3.8 

6 

40.0 

80.00 

40.41 

44.4 

3.^ 

39.0 

3.5 

7 

42.5 

67.87 

36.44 

38.8 

3.7 

30.5 

3.4 

The  general  structure  of  these  results  is  intuitively 
appealing  with  the  exception  of  the  manual  mission  results. 
Figure  11  shows  what  one  could  intuitively  expect  to  occur. 

As  the  level  of  feedback  increases  from  no  information  on  the 
left  to  much  accurate  information  on  the  right,  exposure  de¬ 
creases  . 

- Information  Accuracy  Increases - ^ 

- —Exposure  Decreases - ^ 

Expected:  CONTROL  MANUAL  UNCERTAIN  AUTOMATIC 


Fig.  11.  Accuracy  vs.  Exposure  Line 
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In  the  following  sections,  each  step  used  to  develop  the 
final  results  is  explained.  How  the  changes  in  input  affected 
the  exposure  is  interpreted.  Finally,  comments  are  made  to 
explain  how  much  of  the  exposure  change  is  attributable  to 
the  input  change . 

From  this  discussion,  the  reason  for  the  counterintui¬ 
tive  mission  results  is  explained.  With  the  reason  for  this 
anomoly  explained,  the  manual  mission  results  are  adjusted, 
then  an  analysis  of  the  differences  between  the  manual  and 
control  missions  is  accomplished  to  find  the  value  of  reac¬ 
tive  maneuvers. 

Control  to  Automatic 

The  only  change  in  the  input  data  between  the  control 
mission  and  automatic  mission  is  the  maximum  speed.  The  maxi¬ 
mum  speed  used  for  the  control  mission  is  648  kilometers  per 
hour.  Since  the  minimum  speed  is  also  648  kilometers  per 
hour,  the  penetrator  can  only  travel  down  the  center  path. 

This  simulates  no  feedback  to  the  aircrew  of  the  status  of 
enemy  defenses.  The  maximum  speed  for  the  automatic  missicn 
is  722  kilometers  per  hour.  Taken  with  the  other  input  data, 
this  situation  simulates  accurate  and  timely  informiation  reach¬ 
ing  the  crew.  The  crew  is  thus  able  to  choose  the  flight  path 
using  the  TMPSA  algorithm  to  find  a  flight  path  which  reduces 
total  exposure. 

The  total  exposure  declined  in  absolute  and  relative 
terms  as  shown  in  Table  8. 
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TABLE  8 


Control/Automatic  Mission  Difierences 


i 

Exposure 

Control  Automatic 

^li 

^li 

1 

67.87 

42.16 

25.71 

0.38 

2 

80.00 

48.17 

31.83 

0.40 

3 

80.43 

50.01 

30.42 

0.38 

4 

79.48 

50.36 

29.12 

0.37 

5 

80.43 

53.98 

26.45 

0.33 

6 

80.00 

40.41 

39.59 

0.49 

7 

67.87 

36.44 

31.43 

0 . 46 

In 

Table  8,  d^^ 

=  Control^ 

-  Automatic 

i 

All 

=  d^^  4-  Control^ 

The  average  relative  exposure  difference  ( 

,  n  * 

A  T  =  —  ^  li  for  all  values  of  i 

“1  "til 

For  the  data  in  Table  8,  =  0.40.  The  standard  devia- 

_  2 

tion  ( <r,  )  is  0.06.  The  variance  (S^)  is  computed  as  de- 

2 

tailed  in  Chapter  three  and  is  the  square  root  of 

It  would  appear  from  the  above  analysis  that  the  effect 
of  accurate  knowledge  of  threat  locations  decreases  exposure 
by  about  40  percent.  The  relatively  wide  dispersion  of  these 
results  seems  to  indicate  that  the  scenario  itself  is  a  factor. 


Automatic  to  Uncertain 

Two  changes  were  made  in  the  input  data  in  going  from 
the  automatic  mission  to  the  uncertain  mission.  The  first 
was  to  change  the  standard  deviations  of  the  range  and  azi¬ 
muth  measurements  from  zero  to  0.15  times  the  actual  range 

and  5  degrees  respectively.  The  effect  is  to  introduce 
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uncertainty  into  the  location  of  the  threat  sites.  The  second 
change  between  the  automatic  and  uncertain  missions  was  to 
average  a  number  of  range  and  azimuth  measurements  of  a  site 
before  a  location  for  that  site  is  estimated.  This  has  the 
effect  of  reducing  the  measurement  uncertainty  by  the  averag¬ 
ing  process. 

The  net  effect  of  these  two  changes  is  to  cause  the 
TMPSA  flight  path  algorithm  to  make  choices  based  on  less 
than  perfect  information.  Table  9  shows  the  increase  in 
exposure  that  resulted  from  this  uncertainty.  In  Table  9. 

dp^  =  Uncertain.  -  Automatic. 

X  X 

Asi  =  <121  "  Control^ 

For  the  uncertain  mission,  the  mean  values  are  used. 


TABLE  9 

Automatic/Uncertain  Mission  Differences 


i 

Uncertain 

Automatic 

^2i 

^2i 

1 

44.0 

42.2 

1.8 

.026 

2 

52.5 

48.2 

^.3 

.054 

3 

51.8 

50.0 

1.8 

.022 

4 

52.3 

50.4 

1.9 

.024 

5 

56.0 

54.0 

2.0 

.025 

6 

44.4 

40.4 

4.0 

.050 

7 

38.8 

36.4 

2.4 

.035 

<7-2 

=  .013 

The 

above  analysis 

indicates 

thac 

there  is 

about  a 

three  and 

,  a  half  percent 

decrease 

in  exposure  that  can  be 

directly 

related  to  the 

accuracy  of  measurement 

of  threat 

location. 

Again,  a  wide 

variance 

suggests  the 

scenario  ii 
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a  significant  factor. 


Uncertaiti  to  Manual 

Two  changes  were  made  in  the  input  data  in  going  from 
the  uncertain  mission  to  the  manual  mission.  The  number  of 
measurements  of  each  site  to  establish  a  location  was  in¬ 
creased.  The  result  of  this  change  is  to  decrease  the  un¬ 
certainty  in  locating  threats.  The  second  input  change  was 
to  decrease  the  number  of  steps  in  the  awareness  radius. 

Since  the  awareness  radius  was  not  changed,  the  effect  is 
to  take  larger  steps.  As  noted  in  Chapter  four,  the  step 
size  changed  from  one  kilometer  per  step  to  about  2.8  kilo¬ 
meters  per  step. 

This  was  not  considered  significant  until  the  results  of 
all  missions  were  compared  in  Table  ?•  Careful  consideration 
of  the  model  dynamics  offers  a  logical  explanation.  First, 
the  locations  of  the  threats  are  more  accurately  known  be¬ 
cause  more  measurements  are  being  taken.  Second,  the  in¬ 
creased  step  size  is  significant  because  it  is  larger  than 
the  depth  of  site  template  segments.  This  allows  the  air¬ 
plane  to  step  completely  over  the  worst  probability  of  kill 
segments  without  incurring  a  commensurate  exposure  penalty. 
Figure  12  shows  how  this  can  occur.  Note  that  path  A  is  a 
shorter  path  and  still  keeps  out  of  the  segments  with  large 
probabilities  of  kill. 

A  correction  factor  of  6.3»  derived  as  shown  below,  was 
added  to  all  of  the  manual  mission  values  to  establish  a 
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revised  manual  mission  exposure.  This  revised  manual  mission 
output  is  then  compared  with  the  uncertain  output  in  the  next 
section. 

The  correction  factor  was  derived  by  showing  the  depend¬ 
ence  of  exposure  to  step  size.  To  do  this  40  simulations 
were  run  for  each  value  of  the  mobile  threat  site  (7)  and 
for  five  step  sizes.  This  resulted  in  35  data  points.  The 
raw  output  is  in  Appendix  C.  Figure  13  summarizes  these  re¬ 
sults.  Smooth  curves  are  drawn  in  for  each  of  the  seven 
scenai'ios.  Although  a  number  of  data  points  are  off  the 
curves,  none  are  off  by  more  than  one  standard  deviation. 

Only  one  curve  does  not  connect  the  end  points.  The  scenario 
with  the  eleventh  threat  y-coordinate  at  27.5  is  "the  only 
one  where  the  exposure  at  a  step  size  of  one  kilometer  is 
not  on  the  curve.  This  curve  is  based  on  the  shape  of  the 
other  six  curves;  and  the  point  at  one  kilometer  is,  as 
noted,  within  one  standard  deviation  of  the  raw  data  mean 
(see  Appendix  C). 

For  each  scenario,  the  exposure  is  read  from  the  curve 
at  the  2.8  kilometer  step  size  and  subtracted  from  the  1.0 
kilometer  step  size  exposure  value.  The  values  are  shown 
in  Table  10.  These  differences  (D^)  are  then  averaged. 

This  average  of  6.3  is  the  correction  factor.  The  standard 
deviation  is  0.5*  The  revised  manual  mission  values  are 
shown  in  Table  11  in  the  next  section. 
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TABLE  10 


Exposure  Difference  Due  to  Step  Size 


i 

1.0  Value 

2.8  Value 

D 

1 

40.0 

33.0 

7.0 

2 

51.0 

45.0 

6.0 

3 

51.0 

45.0 

6.0 

4 

51.0 

45.0 

6.0 

5 

54.0 

48.0 

6.0 

6 

43.0 

37.0 

6.0 

7 

37.0 

30.0 

7.0 

Uncertain  to  Revised  Manual 


With  the  step  size  difference  accounted  for,  the  main 
difference  between  the  uncertain  and  manual  missions  is  the 
number  of  measurements  taken  for  each  step.  Since  more 
measurements  are  taken  for  the  manual  mission,  the  results 
of  this  comparison  should  be  that  the  revised  manual  expo¬ 
sure  is  lower  than  the  uncertain.  Table  11  shows  the  effect 
of  increased  information  of  threat  locations. 


d^i  =  Uncertain^  -  Revised  Manual^ 

^3i  ^  ^2i  Control^ 

Mean  values  are  used  for  the  uncertain  and  revised  manual  data. 


TABLE  11 

Uncertain/Revised  Manual  Mission  Differences 


i 

Exposure 

Uncertain  Revised  Manual 

831 

^3i 

1 

44.0 

40.9 

3.1 

.046 

2 

52.5 

53.1 

-0.6 

-.007 

3 

51.8 

50.6 

1.2 

.015 

4 

52.3 

50.9 

1.4 

.018 

5 

56.0 

55.0 

1.0 

.012 

6 

44.4 

^5.3 

-0.9 

-.011 

7 

38.8 

36.8 

55 

2.0 

.029 

=  .014  cr-'^  =  .C20 

The  above  results  indicate  that  increasing  the  accuracy 
of  threat  location  information  in  this  scenario  does  not 
significantly  change  exposure  between  the  uncertain  and  re¬ 
vised  manual  missions.  Thus,  one  of  the  three  factors  af¬ 
fecting  exposure  is  eliminated  from  consideration.  That  is, 
sensors  accurate  to  five  degrees  in  azimuth  and  15  percent 
in  range  are  adequate  if  at  least  one  measurement  per  second 
can  be  taken. 

The  second  factor  affecting  exposure  is  the  absolute 
accuracy  of  the  sensors.  If  the  accuracy  of  the  sensors  is 
perfect,  as  opposed  to  five  degrees  in  azimuth  and  I5  percent 
in  range  uncertainty,  it  was  shown  that  the  exposure  is  re¬ 
duced  by  about  three  and  a  half  percent. 

The  remainder  of  the  reduction  in  the  total  exposure  is 
related  to  the  ability  of  the  aircraft  to  maneuver.  This  is 
the  third  factor  affecting  exposure.  In  the  next  section, 
the  value  of  maneuverability  is  derived  from  a  com.parison  of 
the  control  and  revised  manual  missions. 

Control  to  Revised  Manual 

The  comparison  of  the  control  mission  with  the  revised 
manual  mission  yields  the  value  of  reactive  maneuvers.  In 
the  revised  manual  mission,  a  degree  cf  knowledge  of  the  de¬ 
fenses  allows  the  penetrator  to  make  decisions  required  to 
maneuver  the  aircraft.  The  two  differences  between  the  control 
and  the  revised  manual  mission  are  maneuverability  and  threat 
location  knowledge.  Table  12  illustrates  this  comparison 
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where ; 


=  Control^  -  Revised  Manual^ 
^4i  "  ^4i  ^  Control^ 


TABLE  12 

Control/Revised  Manual  Mission  Differences 


Exposure 

_i  C ontrol  Revised  Manual  ^Ai 


1  67.87 

2  80.00 

3  80. 43 

4  79.48 

5  80. 43 

6  80.00 

7  67.87 

A4  =  .38 


40.9 

27.0 

.40 

53.1 

26.9 

.3^ 

50.6 

29.8 

.37 

50.9 

28.6 

.36 

55.0 

25.4 

.32 

^5.3 

3^.7 

.^3 

36.8 

31.1 

.46 

^4  = 

.05 

These  results  indicate  that  the  survivability  increases 
by  about  38  percent  when  there  is  adequate  knowledge  of  threat 
locations  and  the  aircraft  is  allowed  to  maneuver. 

The  next  chapter  discusses  the  analysis  results  stated 
above  and  judgements  on  the  results  are  rendered. 
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Chapter  VI  Conclusions  and  Recommendations 


The  conclusions  to  be  drawn  from  the  above  analysis  must 
take  into  consideration  a  number  of  limitations  discovered 
in  the  course  of  this  research.  A  critique  of  TMPSA  is  fol¬ 
lowed  by  conclusions  and  some  recommendations  for  future  work 
in  this  area. 

Critique  of  TMPSA 

The  goal  of  TMPSA  is  to  determine  how  aircraft  sensor 
measurement  accuracy  is  related  to  aircraft  survivability 
against  surface-to-air  weapons.  The  goal  of  this  research 
was  to  use  TMPSA  to  derive  a  value  for  reactive  maneuvers. 
Following  is  a  critique  of  the  main  weaknesses  and  strengths 
of  TMPSA  learned  in  its  use. 

The  TMPSA  program  and  supporting  documentation  have  three 
categories  of  shortcomings.  The  first  shortcoming  is  that 
a  major  claim  of  the  TMPSA  report  is  not  factual.  The  second 
and  third  shortcomings  are  groups  imolving  m.odeling  short¬ 
comings  and  user  pitfalls.  Each  of  these  problems  is  pre¬ 
sented  and  discussed  below. 

In  the  TMPSA  report,  the  author  claims  that  TMPSA  uses 
an  "algorithm,  to  find  the  safest  route  through  an  arbitrary 
threat  distribution."  (Ref  20:1).  In  fact,  while  the  algo¬ 
rithm  attempts  to  mid.xim.ize  survival  by  m,inimizing  exposure, 
it  does  not  actually  opthr.:2;e.  Consider  how  the  flight  path 
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is  generated.  Only  a  maximum  of  11  rays  or  possible  paths 
are  examined.  This  immediately  eliminate;:  ar.  infinite  number 
of  possible  alternatives.  The  subsequent  movement  of  the  air¬ 
craft  is  determined  by  stepping  in  the  direction  which  offers 
the  lowest  exposure  to  the  awareness  limit  in  that  direction, 
but  does  not  consider  alternate  paths  which  may  have  lower 
exposure . 

Figure  14  shows  a  small  sample  of  the  possible  flight 
paths.  The  solid  lines  are  the  paths  considered  by  the  TMPSA 
algorithm.  The  dotted  lines  are  alternate  possible  paths. 

The  numbers  at  each  node  are  the  exposure  for  that  node  and 


In  this  example,  the  choices  of  flight  paths  available  to 
TMPSA  when  the  aircraft  is  at  A  are  ABE,  ACG,  and  ADI.  The 
total  exposure  over  the  length  of  each  of  these  flight  paths 
is  five,  six,  and  seven  respectively.  The  program  would  step 
to  B.  From  B  the  available  paths  are  BEN,  BFN ,  and  ESN  where 
N  represents  all  seven  of  the  following  nodes  which  are  assumed 
to  cause  no  exposure.  They  also  could  be  viewed  as  all  N 
points  having  equal  exposure.  The  exposure  for  the  paths 
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from  B  are  five,  five,  and  seven  respectively.  Observe, 
however,  that  if  path  ABEN  or  ABFN  (total  exposure  equals 
five)  are  compared  with  ACFN,  the  ACFN  path  is  safer  with 
a  total  exposure  of  only  four.  Thus,  TMPSA  does  not  choose 
the  optimum  path.  Although  the  program  could  be  revised  to 
accomplish  the  above  task,  the  number  of  possible  paths  to 
be  summed  grows  exponentially  with  the  number  of  rays  and 
the  number  of  steps  in  the  awareness  radius.  Therefore,  this 
is  not  a  practical  solution  for  the  usual  situation  being 
modeled . 

The  model  has  four  additional  shortcomings  which  have 
been  grouped  together  as  modeling  shortcomings.  Two  of  these 
shortcomings  are  related.  They  are  lack  of  consideration  of 
terrain  and  lack  of  consideration  of  cultural  features.  The 
factors  of  use  of  terrain  and  avoidance  of  cultural  features 
are  used  extensively  by  operations  planners  to  determine 
safe  penetration  routes.  Terrain  is  used  by  the  penetrator 
as  cover.  The  penetrator  will  seek  a  flight  path  which  causes 
terrain  to  be  between  the  aircraft  and  the  enemy  fire  control 
radar.  Cultural  features  such  as  roads  and  cities  are  avoided 
by  the  penetrator  as  a  way  of  avoiding  contact  with  the  ene¬ 
my.  Although  not  critical  to  the  overall  model,  these  two 
shortcomings  reduce  the  credibility  of  the  output. 

The  third  shortcoming  in  this  group  involves  the  con¬ 
struction  of  the  threat  site  templates.  The  only  document¬ 
ation  of  the  values  used  in  the  construction  of  the  site  tem¬ 
plate  used  in  the  TMPSA  study  report  is  a  parenthetical  phrase 
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that  the  probabilities  of  kill  and  lethal  radius  were  th::se 
used  in  a  large  scale  simulation  study  (Ref  20:8).  How  the 
site  templates  are  constructed  is  crucial  to  the  model  be¬ 
cause  they  play  a  key  role  in  determining  exposure.  To  be 
able  to  judge  the  credibility  of  the  output,  the  method  used 
to  generate  the  site  templates  is  essential. 

The  last  shortcoming  of  this  type  concerns  where  the 
aircraft  is  allowed  to  fly  in  the  corridor.  The  aircraft 
has  a  constant  velocity  component  along  the  attack  axis. 

This  is  not  realistic.  Although  the  penetrator  can  maneuver 
sharply  and  sustain  higher  airspeeds  to  get  back  on  time , 
in  reality,  in  TMPSA  it  is  incapable  of  such  maneuvers  be¬ 
cause  of  the  constant  velocity  component.  An  example  illus- 
trates  this  problem.  Consider  the  problem  in  Figure  15 . 


Fig.  15.  Example  of  Velocity  Constraint 

In  this  figure,  path  A  is  longer,  but  at  a  higher  sus¬ 
tained  velocity  the  Finish  point  can  be  reached  at  the  same 
time  as  the  path  B  penetrator.  The  main  difference  is  that 
the  path  A  axis  velocity  component  is  allowed  to  vary.  This 
is  another  crucial  element  in  the  total  exposure  computation 
which  raises  questions  about  the  credibility  of  the  model. 

The  last  group  of  shortcomings  are  user  pitfalls  which 
the  analyst  must  keep  in  mind  when  developing  the  input  for 


the  model.  First,  the  model  does  not  explicitly  include 
physical  time  and  space  limitations  for  crev;  reaction  and 
aircraft  motion.  Turns  are  instantaneous  at  each  step. 

Second,  a  constant  altitude  is  assumed  for  the  penetra- 
tor.  Although  the  program  can  be  revised  relatively  easily 
to  accomplish  three  dimensional  motion  for  the  penetrator, 
the  threat  site  templates  would  also  require  development  in 
three  dimensions  and  the  lack  of  terrain  consideration  would 
grow  in  importance. 

Third,  the  model  literature  does  not  explicitly  mention 
threats  outside  of  the  corridor  limits.  In  this  research  ex¬ 
periment  with  the  model,  it  was  found  that  the  exposure  de¬ 
clined  when  external  threats  were  introduced.  The  reason 
deduced  for  this  anomaly  was  that  without  the  exterior  threats, 
the  penetrator  would  track  to  the  edge  of  the  corridor.  Be¬ 
cause  there  were  no  threats  outside  the  corridor,  those  rays 
would  have  the  lowest  total  exposure  and  the  penetrator  would 
thus  remain  along  the  corridor  edge. 

The  last  pitfall  concerns  the  data  input  used  by  the  au¬ 
thors  of  TMPSA.  Although  they  studied  the  effects  on  expo¬ 
sure  of  accuracy  of  sensors  by  range  and  azimuth  separately , 
they  produced  no  comments  on  the  combined  effects  on  expo¬ 
sure  of  range  and  azim.uth  inaccuracies  tOfZe ther . 

Having  mentioned  nine  specific  criticisms  of  TMPSA,  let 
us  now  turn  to  the  positive  aspects  of  TMPSA.  The  model  has 
three  good  points.  Within  the  context  of  the  purpose  of  the 
model,  these  points  are  the  concept,  miOdel  flexibility,  and 
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intuitively  appealing  results. 

The  basic  concept  of  the  model  is  to  investigate  all  of 
the  various  possible  paths  within  the  awareness  radius  of  the 
penetrator,  then  choose  the  safest  path.  Due  primarily  to 
computer  hardware  and  time  limitations,  it  is  not  practical 
to  investigate  each  and  every  path.  Use  of  the  computer  also 
requires  use  of  non-continuous  probability  of  kill  distribu¬ 
tions  for  the  threat  site  templates  and  the  stepping  of  the 
aircraft  flight  path.  Althouth  this  is  artificial,  the  pro¬ 
blem  can  be  resolved  by  decreasing  the  template  segment  sizes 
and  the  step  size  of  the  aircraft.  Again,  computer  hardware 
and  time  limitations  restrict  the  resolution  that  can  be  at¬ 
tained.  However,  these  input  parameters  can  be  used  to  con¬ 
trol  the  model  to  a  large  degree. 

It  is  through  judicious  data  input  that  the  model  de¬ 
rives  its  flexibility.  By  correct  selection  of  the  input, 
all  of  the  shortcomings  of  user  pitfalls  can  be  overcome. 
Also,  if  a  proper  analysis  is  done,  the  threat  template  can 
offer  a  true  representation  of  a  certain  type  of  surface-to- 
air  threat  verses  a  certain  type  of  aircraft.  Thus,  by 
carefully  planned  input,  the  output  can  be  reasonable. 

In  using  this  program,  it  was  found  that  the  output 
agreed  with  this  author's  intuition.  The  paths  selected 
matched  closely  those  an  operational  planner  might  select 
under  the  same  circumstances.  This  was  achieved  only  when 
the  input  data  was  true  to  the  scenario.  In  every  instance 
where  the  results  did  not  egree  with  intuition  an  error  was 


found  in  the  input  data. 


C  one lus ions 

This  model  does  not  portray  many  of  the  factors  involved 
in  a  penetration  model.  Examples  of  items  not  modeled  are 
terrain  and  cultural  features.  But  the  purpose  of  the  model 
is  not  to  attempt  to  model  all  the  nuances  of  a  penetration. 
The  goal  of  TMPSA ,  as  stated  in  the  beginning,  is  to  determine 
how  aircraft  sensor  measurement  accuracy  is  related  to  air¬ 
craft  survivability.  The  purpose  of  this  research  is  to  use 
this  model  to  examine  how  maneuverability  affects  surviva¬ 
bility  . 

The  analysis  in  Chapter  five  shows  that  the  effects  of 
maneuverability  and  accuracy  of  threat  location  knowledge 
are  intertwined.  From  the  above  discussion  and  analysis  in 
Chapter  five,  it  is  concluded  that  the  TMPSA  model  is  ade¬ 
quate  for  studying  the  effects  of  sensor  accuracy  and  air¬ 
craft  maneuverability  on  exposure  if  the  input  is  properly 
prepared.  However,  for  the  reasons  listed  below,  the  model 
output  cannot  be  used  to  establish  ratio  relationships  among 
the  various  input  variables,  specifically  the  accuracy  and 
maneuverability  input  variables. 

There  are  two  reasons  for  the  above  assertion.  First, 
the  aircraft  travels  through  the  threat  array  by  large  steps 
and  the  threats  are  represented  as  segmented  probabilities 
of  kill  where  the  segments  are  relatively  large.  These  dis¬ 
continuities  alone  are  enough  to  destroy  the  ratio  relations. 
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Second,  the  model  does  not  optimize  survival.  For  this  rea¬ 
son,  there  is  no  point  from  which  to  measure  the  lowest  expo¬ 
sure.  In  fact,  some  runs  of  the  program  yield  lower  exposure 
with  inaccurate  measurements  than  runs  which  have  no  measure¬ 
ment  inaccuracies! 

With  these  caveats  in  mind,  it  can  be  said  that  the  re¬ 
sults  are  comparable  on  an  order-of-magnitude  scale.  That 
is,  if  one  set  of  runs  results  in  twice  the  exposure  of  an¬ 
other  set  of  runs,  it  is  safe  to  say  that  the  second  set  of 
conditions  will  yield  a  safer  penetration  profile  than  the 
first  set  of  conditions.  It  would  probably  be  erroneous, 
however,  to  assume  the  second  conditions  are  twice  as  safe  as 
the  first. 

From  the  above  statement,  it  is  inferred  that  the  goal 
of  relating  sensor  measurement  accuracy  and  maneuverability 
to  aircraft  survivability  is  accomplished  in  a  macroscopic 
sense.  However,  a  clear  mathematical  relationship  between 
sensor  measurement  accuracy  and  aircraft  maneuverability, 
and  aircraft  survivability  derived  from  this  model  is  not 
supportable . 

Having  concluded  that  the  results  above  are  insuffi¬ 
cient,  what  avenues  are  available  to  improve  this  rough  pro¬ 
cedure? 

Recommendations 

One  recommendation  was  noted  above;  that  is  to  increase 


resolution  of  the  model  by  decreasing  the  step  size  of  the 
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aircraft  and  decreasing  the  size  of  the  threat  template  seg¬ 
ments.  Another  recommendation  is  to  expand  to  three  dimen¬ 
sions.  Each  of  these  procedures  increases  the  degree  of 
reality  being  modeled.  They  also  increase  the  computer  run¬ 
ning  time  significantly. 

Two  other  possible  approaches  to  this  problem  of  quanti¬ 
fying  reactive  maneuvers  are  suggested.  One  is  to  try  to  fol¬ 
low  every  possible  discrete  flight  path  from  the  awareness 
radius  limit  back  to  the  present  aircraft  position,  one  step 
at  a  time.  Using  a  dynamic  programming  algorithm,  all  but  the 
smallest  exposure  branch  for  each  node  is  eliminated  until 
the  present  position  is  reached.  Then  a  step  is  taken  on 
the  last  branch.  Returning  to  Figure  14  and  the  example 
above,  the  technique  would  work  as  follows.  In  this  example, 
the  awareness  radius  is  two  and  the  step  size  is  one.  To  node 
B  from  nodes  E,  F,  and  G,  the  smallest  exposure  is  two  from 
E  and  F,  so  G  is  eliminated.  To  node  C  from  nodes  F,  G,  and 
H,  all  but  node  F  are  eliminated.  To  node  D,  all  three  nodes 
G,  H,  and  I  remain  possible  (all  equal  four).  To  node  A,  the 
total  exposure  from  node  B  is  five  (two  plus  three  at  B) .  To 
node  A  from  C,  the  total  exposure  is  four.  And,  from  node  D, 
the  total  exposure  at  node  A  is  seven.  Eliminating  all  but  the 
smallest,  yields  the  optimum  flight  path. 

The  second  approach  would  be  to  rewrite  the  TMPSA  pro¬ 
gram  in  terms  of  a  computer  simulation  language.  With  TMPSA 
written  in  a  simulation  language,  a  large  number  of  runs 
could  be  efficiently  run.  The  mean  total  exposure  can  be 
determined  with  a  tighter  distribution  about  the  mean  when 


more  runs  are  made.  The  result  would  be  that  the  analyst 
could  have  more  confidence  in  evaluating  the  interaction  be¬ 
tween  maneuverability  and  sensor  accuracy  on  exposure. 

The  last  recommendation  is  to  make  a  change  in  the  in¬ 
put  to  allow  study  of  different  degrees  of  maneuverability. 

In  the  context  of  TMPSA ,  increasing  the  maximum  speed  re¬ 
sults  in  increased  maneuverability.  In  this  regard,  it 
would  be  better  to  include  some  physical  limits  on  the  ability 
of  the  aircraft  to  turn.  Even  the  best  aircraft  in  the  world 
cannot  turn  on  a  point. 

To  this  author,  the  most  promising  direction  for  future 
work  in  this  area  is  to  combine  the  last  suggestion  above 
with  the  dynamic  programming  recommendation.  It  would  be 
relatively  simple  to  revise  TMPSA  with  these  two  changes. 

Then  a  three  dimensional  matrix  of  data  points  relating 
scenario,  maneuverability,  and  sensor  accuracy  could  be  built 
and  the  interactions  of  these  factors  analyzed.  From  this, 
a  true  independent  value  for  reactive  maneuvers  might  be 
developed. 
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■  1 

1.(.-  f,.  G5 

<<) 

N1  =M  :.r?. 

{<. 

WPI  T"  (r  , 

■  ?  )  ( ( = 

120  Dr)N*’Nu: 

WRI-  (t  ,  23 

) 

N  P I T  -  ( '  ,  2  ■■ 

: )  ( Y  ( '_ 

IT  P‘ 

) 

♦OISTA  ■;r --  -i  I  ’  • 

rO  A/r 

Wf-T”  ('  ,• 

5  > 

6"  T- 

1 

20'  T • ,  '  r 

.  >!■  1 ' : 

-  •  -  V  /  L  ) 

-y  •. 

T  '  r  ^  '  > 

-f-: 

•  /  T  .  .  - 

"  /  '  •  4 

1 

: )  ),  ^Y(.)  ,ttyp(l)  ,kk(l),l=i,hsit:) 


ri  (L  )  •  uPHM  (L)  ) 


. : ) 


,  1  > 


11  ALPW*L(L)=  \rf.';2  (T^  ,rM 

W  J'"  M  f  ^  ?  )  1  1  ,  '  '  L  »  .  *  L  FH/  i  f  I  ) 

b'jf  2  r  -  -  TCu  ,  - 
21'/  can' ~  Cl! 

•TEST  CZ~Z^  ^T»ujr  .r^-gr 

ISTf  ■  = 

3(’  :  ;■  L  =  i,'^'':- 

:  r  f  r  f  r "  r '  ’  ' 

<  =  <''(  L  ) 

(V  .  r  -  .  (  V  (  ^  )  +i  i_ 

:'■.  T  •  =1^'  r  4.1 

OVV  {  -  c  -  -  )  =  ;  V  (  ) 

c  Y  V  (  j  .  ;  -  )  =  :  Y  (  I  ) 

^'<<  ID 

DT"'  (  1  i‘-  L) 

23 J  Co"'  '  r 

(•  ,'  M  ' 

6 "  '  (■  w  ;  1  :  ■  r  , .  I 

I  p  {'  l\  1.  F  )CC  '0  -  * 

•AT  LEAST  r  .  o.T  >  i - 

"'o  '  L  =  i  .i  e:  *  • 

0  1  '■■■  -  =  . 

ALP^i-P'  . 

) 

CO  LL 

p:‘.=  . 

CO  •  I  H  =1 ,  :  5 

Y  =  P‘  ''F-(  -3  ) 

V;*i=''  1  ♦  Y 

37C  ccorifij: 

pf. '=■•■"  . 

nisT=  =  »"ir,T^«-(i  +  S1CVA'' 

DO  3‘  LLL  =1  ,  i  ? 

Y=p;  (-1 ) 

RN=FN+Y 

38  3  CnNTjfJUE 

RN=P*.'-f  . 

A  LP^-*-  L  P  ''  r  +  .*  I  r^'  •  '  If  _  3  4  T  -  :  - ■  (T  '1' 

WF  IT:  <t  ,3  '  1)  K'i  ,L:  Ti  •  2,  0"  (L  )  ,  ALF'-'A 

36  T  rOf'TMi: 

A  C  (L  )  =C  1ST 
a  P (L) =/ LDP  ' 

y p  (L)  =  .  o( I )  - f  •  ■-  {. '  3  w  ■ 

Y  s’  (L  )=»  '■  (L  )■?.■(/  f  ‘  '  ■ 

W-'I'  ■  (‘  ,  '3  )  XS  (I  )  if  ■  '  -  ' 

360  Cl'.T  :  1.' . 

=  SET-'iP  I  C  f  FT  •■':yl 
CP  •  J=3,'J''Y<- 

J(  J)  =  -  . 

,  F  =  , 

7  P:  J-1 

D"  J(  J)  =  '  4  I--  "I'r 


(L)  jClG  Y.AF,  CIST-  ,.iL  =  P 
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•SET 


-UP  incF  Fc  .  3f.Y 
rip  *'  7  ■■  1 ,  M  ?  G 

P  S  J'f  1 1  =  , 

PPI"'-  ?=  . 

vp;  =y!  +T''''v 

vcf  +T  ,y  •;  t  (r-'t  Jf  n  ) 
-UP  L'"  CF  Pf  .  J  ■■  :  5 


I  '’=G'^Y  (L  '  -Y-  ^ 

r  r  ( :  1  - ' :  4'  ->  >  7 
IP(^'.  f-t,  .  )  7' 

aiPi-  =  , 


5C11 


2ir.  *,  L  PH  ■='’.!  M  T  i ) 

2'-  ThtT.-  =  .  p ■;(“■:  J(  J)  -  '.PHM 

Ipr-iJV.F  .  p.  )  ,t-  -^  =  ->.  • 

<y  =  i'  -'Y  f  L  ) 

G  Z'  LL  P*^' . 

M-  n-:  (•  ,•  .  .  i)  -  ' 

soil  FC  ■  ^  flH  ,THF>^=,C«S  ■!, 

IFC.FLC  G,»  1  )  F(  ' 

PSIV'1  =  PF.I  r'+PY 

I  PL-  F  =  2 

Tl  =  Y'  (D-y-T; 

T2=V'  (I  )-YP* 

0  =  SPF  T  (Ti  ’  '14T2*  T?  ) 

GC  TG  Z"' 

26j  pi;I‘  •:  2=P''T  ETfDY 
3L'C  rC*."!*'  'F 

IF(T.  6G.1  )  '<7  J(  J)  =  FS- r'l 

CKpi;r,=  c5<r.  - +p  If'"* 

WRI"  C-  i  1  •  )  J,  PtF'  J(  n  .  '"G 

501'  FOR'H'TdM  ,  •-•  jFi'T  j(  ,r  M)  ,  piF?  :r-=,  IF  i  , 
rr'.TZNU'^ 

•  SUM  PY  Fr  P  -."Y  'J' 

P^J  (  J)  =  F  'j(  J)  +[  i/:--- 

w ^’:T  (‘  ,  '  *.)  J, F  --  jc  •' 

FCCl  F‘CF  d(lH  ,  dPY  J  (  ,  ,  J>  r  .  -  1 

cftf.  cpF-rM'." 

♦  SQf  T--PY 

WPIiMi,  .  '•  )  (PYJ(  JWPF:  J  (.))  ,F<'  J(  J)  ,  J 

Ew'.--  fq-  -  f  j  u  ,7F  -  .  ?) 

C&LL  DYS-r 


*►£11  “(m:.’  -  r  .\Yc  r-iiT 

♦FAIL  TE:5Tf 

JJ  = 

XNpi.  rXL+OV 

no  ‘  j=  3  ,'4  - i  y:- 

y>  r.^  =Y'  +  '  \  (CV7  I  ^  TY 

TlrX',  -Yt  5 

T:’  =  Y’  -Yt 

r,.'  '  p-  (  J3  -  4 

( j)  =  3  ^  f  ■•'F  ■  ( j'  1  .+.,)/: 

w  .. :t'  c  ,  •■  )  j ,  p f .  j(  n  ,  -  •  f : :  I  j  ( j ) ) ,  Y  \ ,  Y 

7  0'r  PC-'--.  T  (  IH  ,T:,u.(r- 

Jpr:rj''iP  f'^r 

-p  r  Y  •  c:  .  I,*- ,  ?  .  ,  r^,  .  5 3  'I. 

♦  »  ♦  *  •  »  Jl  1.)  •  r  I-  -  T  f  r 

irf;  r-.  (r.  •'P-  (  J)  )  .3  ■  .  -3'  >  --c  C  ■ 

,IJ^  )J+1 

P.  *  J  (  J J) =  =  *  '  J  (  J' 

G:^  PF  (  J  J4  iGi^Pf  (  J) 
p‘^j<.ij)  =  n 
p--^' j  u  j)-c  j(  j) 

er-  c'/r-'-b 

^4  JrJ  ) 


UKT 

<  , 

;  )  >  : 

5':*.'i'  PCiP'-' 

T  (IM 

•  test---'. 

r  Th,' 

t*':  pv-'-T-” 

N^  It  = 

1 

.LT.  ? 

IGD  TP 

no  *' 

J=? 

7 

IF(  PI^J(  J)  ,  '4r  .  DK  j  (J-n  I  ■->  -C  ?-. 
^K;  NrN-tl  >1 
7-tC  CCNT’F'U; 

75r  WC,I7:  (»  ,  -  I  =•) 

50C£  pob^'TdH  ,r ') 

750  IF  (N:-'IN,G-r  ,  I  )  GT  1C  ’  ' 

♦ONF 

I  i;n"Y  =  - 
GO'":  "  c 

♦SELECT  P '  Y  O'.  ■- 

♦A  BEIL  I”--  ''M.'"  OP 
77:  ’■urT:^,  .. 

I  on.  Y  =  ; 

m  '■  J=  1 ,  V''-;  •; 

c,uG  =  ,'-  j(  .n  -  "ft)) 

ipc  ■:  H:'T  d .  r .  ■  '  :  '  ' 

TM  Vi  =-'  r  ■ 

I'  f-^y=  j 

8c:  nc‘r  r.".'-' 


76 


8lt>  PSI^ ‘i  =  (^Sl  JdMC  ev) 
r)Y=ny  T^.^  (^5i*'  N) 
v^piT-:  (I  r ) :  :  Y  ,3' 7-  -.V 

5!?-7  PORf-;*(ip  , !  ‘  :  V,  =Rr -tM , -'Y= 

♦TOT  AL  PX,  PL  :r,H  '  T  w 

3KTCT  =  -  YTCr^^/y  j  (  r  VT/)  t-  '  -«.;C7 

GH  -3  c 

♦ALL  nr.  >  ? 

85?  Ti=y-y:' 

WKl'  ,  (1^  ,•:!  r) 

STOc  pr T  ( iM  ,r '-'L': -i  ) 

T  2=Vi  -Y^' 

OYrPY*  V?/"^  , 

♦OlSTAi  C  -L'-'-Jf 

9'?'‘  =' <^1  4- y  -  V  4.3^  Y) 

♦UPnAT  *  r  /  r  cr  5  r  j 

y ■ =y  V ♦' V 

y  I  _  V  .  4.  r  Y 


♦PPJN'T  <^('5  1  ■  f  !■  •' 

(t  ,  ?f  )  Y'J  ,Y-,  ,3'i-  'N,  -/T' 

♦AT  TAPG-'.'’ 

T i=y;  -y^ 

T  2=y  r  .Vf^' 

D7=:' (1  1  r  1+T  '•  ■  2) 

IP(r,-,  .r  x)  c  -  1  ,c  2  ,2  ■ 

910  IP(P'  .L  E.  :.•)  30  '0  ■ 

92i  IPCV  .r.r.Y  »  3:  Tf  -■» 

921  rc(Y-.r  c.Y-'i  sr  :c 

OY=  , 

GO  TD  c, 

9  3i  TE‘‘‘P  =  TAri(7  2fTl) 

3  Y=n  y*'  T  'I'P 
gL,(!  x*;  =  v>4.rx 

Y\=Y‘.  +rY 

3‘^LW';  =  r  FLV:  f?,:?’.  ( v ',y  »  y  y  *  i  y ) 

wp:‘m«,2‘  )  y  j,y ■•'<4 

95  '-IPI',  '  (L  ,  ??  '  )  y:  ,  rr 

9f  0  C  <^3='  :  r  --'f  r  r  2E) 

Mrn:(f,2T  • )  X  r ,  pPL-i' ,  :  =  : 

IF(' ■  P.  y~=3y-3r 

■’.iJj  ■  ='  KTf  :  3 1  y-’ 

I  '-0=*  t  r  *' 

M  -Tf.  (‘  ,y?  )  ■  JO 

323  crP'"  T(~-  ^  =1TIC  '  p  "TA. 


cyq:;-'  ij-  ])'f  3<i:. 

•TO  'JTV''.  "  ?><  V  .  J  ••  ;  FJ  OF 

•OirT'"*''-  ■!■(■  ‘■T  :{r)  i-'  '  ''  T  A  <  '-i 

♦  angle  (T^<  ) 

K/’""  !'  ■-  /E  1  -  I  ’  ^  GS  (  2  )  ,  '  S  '  C  2 

1  -L 

r  '<rr  ir  -17  ( -'f ) 
r  5  r  :f '-'y) 

oi^=  . 

♦Oir’'A'i''-  TC  FT.:  L'  ■'-!•_  5*."i7U‘: 

jr(--r  [  (i/y  ))  <  ,2  ,1 

♦0<‘^  L,  CG  :  UT  '  T  '!G 
i;  '■i=(.-/7:  *-F)) 

GO  T?  ! 

♦  D  =  -  Li  O"'  :  f  :  ‘  ■ 

2  -  Ms*;'  G''  <>' V 1 

♦  TEST  A^r-L  E  i( ‘■’T  a  •;  E.-rrc’ 

3f  IFC-tF-  T-c  I  - 

♦THETA  <DT 

45  N=  (•  >^ET  A*  T  ><3;  /F]  )  +1.  • 

GO  TO  I  • 

♦THF^A=DT 
50  N  =  NSEC2 

6U  cr(v,M,i<y  ) 

GO  T  3  1 

♦  ERL  TE 

8C  WFli:  (F  ,<-■  )  r  j:  7,1 

9"  rc..---  T  (//'^  V,  ;  ;o- --<'•• -L,  2X  F'T  H  .T 

GTVjr' 


10';  RETir  N 


SUB  Bij";  j.! '  3<bO  '' 

♦  US-S  *  T'l  " 

♦TO  'Cl'.  r: '- 

♦RAY  I‘J  ■C'N"]  ?  •’>•■■ 

Co'^-'-  ‘;/^^  f  r  /  ,■•  s  f  Y=  ,=  /  )  f  1  M  ,  p:'IJ  ( i:  > , "  '<T  J  (11 ) 

►.f  /'VC_. 

BO  ■!  : - 1 ,  s'  '  I 

I  p  L  ^  ■’  = 

*(  r.  x  1  »  :  V  f  _  f 

ac  '  j=: ,  ’*  I 

ir(  =  / j(  (J' ' ‘O  'B 

T  irr/  J(  ,1) 

T  ?=Pb :  j(  j) 

T  ?=P‘^T  J  (  J) 
p<j(  ) 

0SIJ(  J)=P5  J(  JM) 

PKTJ(  J)=P»’'  l(J*l) 

P<  J(  )=T  i 
PSIJ( J*l)='’ 

P<7J( J*1 )="^ 

IFL1S=1 
50  COM'.'NUi. 

IF(lPLtC-,fn.  .  )  3o  TO  ^  • 

ICO  CONT'jNCt. 

2o,'  RTTtITN 
cNB 


80 


Appendix  B 

FORTRAN  Code  Listing  of  the  Revised 
TMPSA  Program 


ru  r  f  ;  r.  •  c . 

t 

17,  7'r ' 

■1 

1  •■ 

f  ■  ~  ■ 

- 

T 

4  ' 

-- 

■,=  ''U 

:'>'ir) 

t  i.  <  - 

^ 

^  lA  •  <  « 

♦PRCG^.  '0  Cl>' 

::  J  -  r 

(  r  - 

1  J  « 

♦  PA"H  ^  r 

r  1 7 

YfL- 

.■'4'  7 

4  ^  ^  :  1  X.  ,  .  .  .  > 

V 

■ 

♦MULTT^L-  TVF 

I  7  ■  ~ 

♦ 

•MAV  LI"~'  C‘  t 

♦  D  X'  Y  '*  =  '  ■' 

♦ 

?  '  V 

¥  C-  T  I"  -•  T  -  • 

♦  5Tt:  -Sfc  <■ 

♦  Ri  /  ::  ]  7  ■ 

r  y  r  •- 

=  ' 

♦  S  >7'  ■ 

0  .  r 

■  •• 

« 

♦  I =ST' 

♦  j  =  ' .  r:- 

*  <  =  7T'  TYc 

•  L  ='^'  ^"'’ 

««» 

« « «  ..  •  ■  ■  1  t 

» 

4 

cc—'  ■  G'/r  '■  r 

:■  / 

'■  V  ' 

,  =  1(1- 

> 

9 

■ :  j  ( 

r  J 

) 

.  ^ 

'  ■  J  ( 1 ;  ) 

C  c^"  :  t 

./■ » 

■  ’ 

■tt"  ) ,  ; 

g:  (  ; 

> , 

' 

J 

'L (  i  )  , 

M J  , 

'■  f  (  I  » 

1 

•  t. 

( : 

),  •  j-r- 

• 

: ,  ‘<y 

1  I";  '  ■^'  i  G 

V-  (  . 

)  1 

v-^  (1  ■  « 

• 

X(  1 

)  , 

" 

Y  ( 

i  )  ,  .M  ^  ( 1 

)  ,  G  '-  -  r 

\  C  M  , 

1 

yy  (  ; 

), 

, 

) 

« 

"■  VY  ( : 

) 

D I  ■''  •  jI  ■'.  ^ 

.s  '-  “  T 

(  2 

) ,  G  4  ( 1 

) 

, .  1  ( 

J 

) 

»  ^ 

<<(  1  ) 

8  :  7  :  O:-' 

C  U  i 

1  (- 

( 

:  )  » 

'.L 

c 

•-<  • 

■Ai  )  , 

7  ( 1 

)  ,  t.  -  (  1 

) 

DI  =  T.  1.  i  •  « 

- 

♦CAFT  Ifi~i| 

T- 

»  < 

9  f  1.  C  A  ^  ' 

♦NO.  ’SC-L. 

5-  c- 

S,5T"T 

,5"z  r 

Y=  Z; 

,’'C. 

Pf.P  i 

11 

-  9 

r  1\7;;4  T 

T3;4 

OF  •►FG' 

INn=:. 

8  A  Til- 

= 

• 

III 

O' 

r  , 

1 

1 

,  '4  '  »  4 

^  7  '  - 

,  -  Y--'5  ,  , 

>TG"  "  ,T  G-in 

WM7  ^ 

(r 

»  1 

)  J'LT 

♦  '  ■»  f 

'Fj  T 

.'TV'S, 

^  X  ^  A  v  9 ;  0  \  D 

4  IT 

T{ 

, 

;  i.  !  ,  c.  - 

I  *  t  t 

•TEST  LG7 

CF 

ri  ^ 

7 

IFT  ■ 

F  ( 

)  . 

'.  )  rc 

‘  D  •  - 

♦CHE  ZK^ny 

^  r 

\  :AZ'( 

9 

-1  < 

t  v: , y:  , 

vr.  V  - 

'4  PIT  ■ 

{• 

9  r 

1  y :  ,  V 

4  2i,"  F'„ 

T  t 

T  .  .  T 
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*A»(iREKZl'  Ff^n 

O', fl/T 

REA':)(  :  1 

)  E,  ,  'Hv,  j: 

W  r  IT  (  '  f  c 

' ) ^ ,  V.  ■  -Y, 

♦SIT 

i  0A1  --- 

♦NO. 

=>"-  "•  -  ET 

’  "  ,  '  f  ■  ^  '  L  ,  ^  I' 

no?  =  I , 

T  y  t  - 

F  ■  :  n  (  ,  : 

,  )  '.'  ■  f  '  '‘C  '1  ,  4' 

--r  ( ‘'I 

_^r;  --  (1/  )/-- 

1 

)  ‘if-v  «>  ,  4'" 

2C 

CON"  .1  f-"'  • 

•SIT 

r  p  l< 

nc  -  *<=.1, 

T  V  r  'j 

-  t  i  ^  r,c 

f  <' 

!r-  K> 

D  (  ,1 

)  (  ( r (  '*,  i 

r 

)  (  .'T( 

3'. 

C  ONT  [-'U  ■ 

♦SIT 

cc.  r:  'T 

_-,l  v-r 

S'j 

■3  O  '  L  =  1 , 

T  I  T  f 

K  ;  c  ( '  ,  1 

• :  '  jY  a' 

nkit:  (  , 

) :  ^  ( L )  ,  T  f , 

uc  • 

FCi'-''"!  ( ;. w 

•  2  f  j  .'  ) 

6'^ 

G  T:;T'  I'  (.’" 

♦END 

C;.rr  if.pMT 

♦initial:’;:.'' Ct  '  ' 

65  NKAY.-  =  JCLI 

cpi='  'ico^r  (:=) 

0SI=  . 

OPSI=  . 

PSIf^-.'=  . 

OKTC'f  =  , 
o«-LW':  =  '  , 

T  !G 

r)X  =  -  /T-‘  - 
T  EPP-  \/^  *.'/ V 

IF{T- »"F.r,T  ,  J  .  )T'  rr- 
PSI  =  ^'  Cf  £  (T  ••(  =  ) 
psi=:  '•  1  (F5  ’1  . * . ■• 

W !  I T  ( *  j  '  i.  ■ )  T 
7'Jl-  >^0  •'  ■  T  (  H  ''1  -  ,  P-'.  .  ■  1 

^  =  .j[  L '  r 

dpg:  =  ''=•')/*  F 

7  r^r-nr  .r 


♦TEST  FO'  Sj'fS  -JTiHIt, 

= 

no  ?  •  L=1  T  ^ 

IF(Dh  (1.)  .31  .5)0'''  f  ?' 

<=«(  L  ) 

IF  (y,  f-1.  ( '/ (L) +r  L  f<'>  n  3"'  £~ 

1': s  ■  r ;  ■*■1 

sv<'  ( i  s :  T  I  - ; f  i  > 

(y:  I  t  =  '  V  (I  •. 

OIS'(lbl'')=‘'N(L) 

5  LPU,  f  (  1  <;  j  .  -  )  :  /  L  f  f  _  1 

2  3  ■'  r/o; 

'-miT  -  (>  ,  ■  !) :  -  3 'i  :• 

6  :■  :  c  r;.  M  i ;  •  _  = , .  » 

:  F  ('  yi  r )'r.  ^  ■  * 

♦AT  Lv  AS'  cr  •  — 

n  =  ;  -  '  ^  '  ♦■  3  n 

CALL  P  A',:'  : 
on  ■'  L  =  1  ♦!  “i  ■■  s 

OIST:  =  . 

■■I  Kr'  ) 

or  '  L L  =  . ,  s' ' 

RS::  , 

DO  -  ILL  =1 ,  :  2 
Y  ==;.  ,F ( ) 

•.  ♦Y 

37i?  COS'TIf 
RN='  '  . 

01  s:  =  =  ":'■*  +  s  1*- !  ^  ' *>1"-.  (L ) 

R!«=  . 
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AF(L)=al'=^' 
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*■  r  ‘  p  Y 

V  pt  =  Yf 

4.  T  -  y  .  - 
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J( J) = 
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r 
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SO"! 
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f 
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-  '  (  •  J  f 
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AIR  FORCE  INST  OF  TECH  MRIOHT-FATTERSON  AFB  OH  SCHOO— ETC  F/6  1/3 
0UANT1FY1N6  REACTIVE  MANEUVERS* (U) 

MAR  61  J  J  ALT 

AFlT/6ST/OS/aiM-l  NL 


r:Yf  rv-:-- 

♦FAIL  COr.FTi  t  ‘  Tr  SIF 

JJ= 

XNC^’  =  y^  ♦''.y 

nc  '  J=  ^  YT 

yr  r  ■  =Y^  +■  •  :  I  { i; )  •;«' 

T  <  -  Y  ■■  -  y  t  -  r 

y:  -  y^ 

C  -  •  t(  (  n  -  '  T- 

G.'-'f-'  (j)  =  ''  r  ( (.»)  1 '  .  +. 

w--':  ■  (-  ,V  )  J,  r-'  ^  J(  n  ,  -  •  f  ^ : 

7w''  Fc  -  (1-'  ,  F:  •.  -) 

♦  i.  .  J',-  .  r  J  Or-  c  --  -  7 

:^(  Y'.  ,  ; .  c  . .  .  Y  4-  *,  r,* . 
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JJ=  JJ  +  1 

.  J(  ).))  -  =  S.  )  (  J) 
r,.';-  p!  (  jj)  rs;  f;  <  J) 

PYj ( j  j) =' <j ( j ) 

JJ)  =  ''  "J<  )) 
b  1  •  C  F  ‘ ■  M '  ■ 

WPT-;-  (^  ,  n 
SO';-  F  C.  -  -  F  T  (  1  >J  ,  ^  H '  '  =  ,  :  ) 

♦T  EpT ■  F'S'  p 

r  i 

IF(‘i  .LT.ri;D  ■^O  :•■ 

TO  '  J=C,Yx 

TF(Pk:j(j).  PiYj  O-IM  so  7G 
N=  rv'-il  .♦•1 
7  CL'  CC^rLN": 

75'.  ui;?i7r 
5?’’6  F0R*-*T<1H 

750  IF(N-<ir.GT.l)30  Ij^'' 

♦ONE  mim  u* 
lNn-y  =  i 
G  0  F  P  t  1 

♦SEL  EOT  =  '  Y  r"  ?:s  (•>" 

♦ABS  5L""-  '//■  L  "•  0-  Ti  ' 

77-.  .THrv=<-'P, 

I  '^n-  Y  r  i 

OU  ’ 

i,r  .  I-',  (  ST  J  (  ))-  •'.  (  n  ) 

..P  ^  T  H--' -  .fT  r--  -p 

T'r  Tr  =.‘  ►  , 

1)  -  -  Y  =  ) 

8C  0  c ’  *1 ' ■' 


)  /  i 

J  ( jn 


. )  F. 
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♦TO  0=?  T ‘  r-v;  v  .'i-  ii  of 

♦OISTA'iC-  1 1  ?•!■"-(:.)  r"- 

♦ANC-L:;(TH  ~;) 

'X/ri  r 

1  (  C  -i-r'  j'l.KV 

T  f-!=  =  I'  T'/(  <<) 

T  F.MC;;  =t  f 'f  (i-ry) 

p/=  . 

♦DISTA>!C'.  TC  S7  :■  VS  L'TM’l  on'S 
I  p  (r-c  1  (yy  ) )  1  ,o  ,  , 

♦0<PLt  C;)’  ■  UT  F  viS 
1C  M=(P/TF-F1  ♦!, 

GC  t;  :< 

♦0=-L,OII' -  •■  RiF'-. 

2?  M=>j'  '  G'  (i^y) 

♦TEST  At.GL  S,  f'  =  l  '  IM  SiTTf? 

30  IF(•'^F' i-p  ;  > ,r  ,  >■- 

♦THETA  <PI 

<♦0  N=  (THETA"  T  /FI)  ♦!.  ’ 

GO  TO  i  ; 

♦THETA=PT 
50  N  =  MS"C2(‘<X) 

60  PK=px;TA''(^','^,K'y ) 

GO  ’3  1 

♦  ERF  ■)=> 

8  0  WF  IT  (f.  ,  '  )  I  -  r  F 

93  'Fo;.".' T  (//■■  y,  1  J-JT'  - ' 'L  ,  iX  , 

STOo 

IOC  RTT'r  N 
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SUB  1!-'^  =<S.3'T 
’USES  •'^ir'^Lr' 

♦TO  T'  •■  -i: 

♦RAY  I!  c:\'’  3  :<r-' 

CLM  -I  /C"  f  ^  /I  ■  A  Y  •  J  ( 

igPMir  (  f  'YS-l 
0  0  1  .  r  j  ,  n!  -  '  : 

:Ki  ;.Y<--r 
'T  J=i,  ^--I 
Tf(i-vj(J  +  l>,C’S.=i^J(J))' 
T l  =  J ( J) 

TE  =  '-  T  J(  J) 

T7=-  ‘^7  J(J) 

OKJ(  J )  =P'-r  j  (  j  +  i ) 
o''!J(  3)=^*^  IJ  (  J+7  ) 

P<T.J(  J)='=’'^“  J(  J*l) 

P<J(  )  +  l)  =T  .. 

PSTJ(  J-^1 )  =  :? 
o*fTJ(  J+i)=  f’ 

I''I.AS  =  l 
5r  CO'.TINUt 

IF  (T'^L''  G,  k )  GC  *  C  ^  • 

ion  cont:uu: 

200  R^TIJ7N 
END 
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Appendix  Cl 
Basic  Model  Output 
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SITE  DATA - 

X-ROTSltD  Y-POT'T^D 


1**.  n 

3  9,  r  3 

I.-- 

1 

2?.  -  ' 

1..  i 

1 

2-,.  } 

36.  -. 

11 1 

1 

^3.  -3 

4  2.  •  ' 

1  •. 

1 

81. ^  * 

3  -  ,  > 

If  t. 

1 

7-  .  .3 

4  -.  ■  ? 
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1 

18.  3 

4  3. 

1  0 

1 

T  e . :’  ‘ 

i,  >1 

1 .  ■; 

1 
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li. 

1 

6  2 .  i 
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ii 

1 

69.-3 

4  9.  > 
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1 
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1 
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PROGPaM  OUTPjr - 


Appendix  C2 
Control  Model  Output 
( see  Table  2 ) 
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lu  J 

1 

83,13 

sg,-’'’ 

i(  n 

1 

78. '0 

5  8.  "3 

1.  r. 

1 

9.  . 

3 

4 

9,  ' 

1 

1>  . 

1 

7:  . 

•  J 

1 

r  • 

% 

1> 

1 

94. 

2.  ■ 

1 .  •: 

1 

48  . 

} 

•..  3 

i 

1.  ^ 

1 

LC, 

3 

2.  ' 

1.  L 

1 

6P  . 

^  ■*. 

1 

f,  ' 

•y 

1' 

1 

89. 

4 

a. 

3*  ? 

3 

ir  - 

1 
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PROGRAM  OUTPJr 


X-ROTUED  Y-PDTWET  J)  EXPOSURE 


i.rr 

33.  '1 

L  ,.C  i  t 

C  .  0 

2.L. 

33.  1  j 

'  ,  i  ' 

w  •  0 

3.d: 

3  =  .  J 1 

1 . .  <  L  r 

C  .  U.. 

« 

33.  ,1 

L  .  J  . 

:■>.''•• 

35.1? 

.42 

G  •  (  ' 

3'.  J 

.63 

: 

33.  I  ) 

l  .  •  i  ..  f 

1.25 

•  E  ' 

33.  •>  1 

»  •  . 

2.G3 

9.  Cl 

3r.  2  ) 

:  •  :  1  L  * 

3.82 

1  .DC 

33.  /: 

f  ^  t 

5 . 38 

11.'. 

35.  '  ) 

( -J  f 

7  ,  u2 

1  2.  i. 

3  5.”' 

L  .  ;  : 

6.63 

1  i,  ■:< . 

35.  '1 

^  t  .  >.  1 

1; 

iG. 

33.  ”'2 

*'■  •  til 

13.  J  2 

1  ■■• . 

3E.  ’3 

V  •  '*  1  1 

15.  li 

1  :c 

3  ■  .  <  1 

:  .  .  . : 

17.18 

l  *.  jL 

3  3  .  3 

L  •  >.  1  ' 

21  ,  13 

1 « . "  i. 

2 

i.  •  f  L  i 

23.  : 3 

IE.  ■ :/ 

33.  1  ) 

^  : 

24 .96 

2  . :  . 

7- .  .  ) 

r 

.  •  t  .< 

2G.83 

2 1 .  '■  • 

33.  ■'1 

i  .  :  1  ' 

23  ,5  -f 

22.  : 

35.  •;  3 

1  .  ..  ’  J  L 

3'  .  26 

2  3.',  J 

3  =  .  ’3 

.  i. 

31.21 

2  4 .  2  T' 

35.  3  ”1 

r .Lt  1 1 

32.  j1 

t..:T2= 

• 

2E. 

33.  M 

/■  , 

»  •  ■  I  «.  V 

32.45 

26.  :■ 

3  =  .  3  J 

•  •  •  C  » 

33. 54 

^^3G 

35,23 

w  •  t  i  L  V 

33.64 

2fl.0C 

35.  3 

i.  V  f 

34, 39 

2  9.  DG 

33,  33 

C  .  .  1  u  0 

35 . 15 

3  ; .  C  t' 

35.3  1 

t  .  !.  w : 

35. 39 

31.  d: 

35.33 

. . .  r  •.  c 

35 . 04 

3  2.  C-f* 

35.  •’3 

1. .  t ( 

35 .78 

33. PD 

35.3) 

c  •  t  r  V 1 

35.9  2 

34,  CO 

35.  •>1 

r .  1  i  i  c 

36.  U6 

35. 3G 

35.13 

c  •  c  0  ( 

36.  C 6 

36.  n_- 

35.33 

.  0  r  '>  c 

36 .06 

33.  Cl 

35. 13 

l-  •  ■  *y  C 

36,0  6 

3  5. 

3-.  ■" 

L  .  1  ;.i 

36  .  26 

3  2 .  C  r. 

7‘'-,  •  3 

1  •  L  L  1 

36,  l'6 

i> 

55.  '  3 

'  •  • '  .1 

36 , :  6 

'  i.  • 

^  .  .3 

36,  C  6 

42.  ' 

’  -  .  1 

7  •  > 

36.  16 

t 

T  r  1  > 

• 

•  •  W  V  <. 

36  .  6 

35.  ^  J 

36  •  C  6 

3-.  ' 

36  .  Jb 

4  :  .  .  . 

3-.  ' ' 

36.47 

i  ' 

’  5  .  ' 

37.  3  3 

4  :  ,  . 

3  5 ,  3 

.  ■  •:  ,  .  c 

3b.  19 

1  ■. 

7'.  ’  ' 

39.92 

f  . 

3*.  1  1 

•  V 

42.19 

M.  , 

5  =  .  ” 

•  •  L 

44.7  3 

6  2, ; 

35.  T’ 

L  ’  .1 

4?  .5) 

llU 


PR0GP4M  OUT°JT 


y-pcTuen 

A  f,  G  (  r  A  r  ) 

EXPOSURE 

3  ■  .  ■'  ”* 

, 

3'.  ■: 

.  .  '  . 

1  .  j  ... 

3^ .  n 

- .  ' 

’  •  U  I 

L  .  9  j 

•  ■ . 

t 

•  »  L  V 

...2 

*-  • . 

< 

.93 

3*  .  •■' 

.  ■  i  t 

1.23 

j  t  \ 

3.  ’ : 

2.^3 

3".  ’  1 

3.92 

1  .'r 

3-:.  ;  1 

39 

1  i.  •: 

3‘.  'i 

.  ■  ,  ■ 

7.  --2 

i  2.rr 

3  3,1. 

1  r  ' 

•  V  i  • 

C  .  69 

1 7.  r: 

3=.  ,  ) 

•  .  ^  . 

1‘  .7h 

3  3  .  '  1 

•  *  w« 

13. 1  2 

1  .  . 

33.  '  ‘ 

1'  .  1. 

1  V  •  V 

3-,  .  > 

•  •  ■ 

17  .  13 

1  ^ .  V  . 

33.  ! 

2.13 

1  ^ : 

3t, 

23  .  ■:  9 

1 9  •  j 

,r.  .  j 

2h  .  9  9 

2  .  ■: : 

3=, :  ? 

29.93 

2i.  .  ( 

3-.  'P 

29 

2?. .  ' 

33.  ' 

.  •  ■  .  I 

3r.2o 

23. 

33.  ■: 

.  i  ■  [ 

31.21 

2-  .  D. 

33.  T’ 

1  0  CL* 

32.f'l 

.  ;T2  = 

<•  • 

t 

2  r 

33.  .’,1 

•  ’  L  ‘ 

32. 

2^. 

33.  •)  J 

•  '  , 

33  .  J.* 

2/.'  . 

35.  Ij 

1  0.  C  it 

33.64 

29.  "O 

3=^. 

V  •  N.  1  ' 

31, .  39 

2'J.3. 

3-.  “-..I 

1  .  .  f  ' 

3'.. IF 

3  1.  Cf 

33.  T  } 

.  .  1  ■  - 

3r.  39 

31.  .1’ 

3-. 

1  •  «  w  'w  1. 

35 .6 .'t 

32.  SC 

33.  J] 

.. . 1  1 

35.78 

3  3. '  f 

33.  ‘  } 

.  w  ' 

35.9  2 

3-..  J; 

33.  ’3 

.1 

3C .  (  9 

3“-.  j. 

3-.  ^  1 

.  V. 

3r. .  6 

3t..:; 

35.  1  ] 

;  .  .  t  w  i. 

36.  : 6 

3'".  :l 

3-.  ^ 

•  '  *  »  • 

36 .  6 

39. "  ■ 

?-.  •'1 

1.  t  i  '  . 

36.  !,G 

3-.  :  3 

>.  0  V. 

36.  V  6 

^  ' .  ■  fc' 

3-. 

•  .  '  „■  i 

36.  ,6 

1 1 . :  i 

33.  • 

9  •  i  .  s 

3*-  .  ,  0 

*•  2.  . 

3^,  •" 

•  : 

36 .  u6 

«♦  3.  _  •; 

3".  '  1 

36.  b 

3% 

3C.  .  .'6 

«.  .  . ; . 

33  .  " 

3t  .  .  0 
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PROGRiM  OUTPJT 


X-POTULD  Y-CDT)Vm  AKG(f-AO)  ZX^OS'JPE 


1.  o: 

J  Z  .  J  -i 

f  .. 

..  ,  •  ’> 

2,:i 

Ti.  n 

:  ^  i 

:: .  0  f 

3. '  z 

’z.  ;i 

• 

i  . 

r ,  j  j 

<  »  J  L 

3- .  ■<•» 

■  1  ' 

j  •  j 

t  .  'j  ( 

w  • 

<  i  C 

,h2 

«“  r-  • 

r 

l  i. 

.33 

/  ,  '1  • 

38.  •!  1 

1  „  ' 

1. 257 

3 .  r  '• 

38. 'll 

-  1  %  ■' 

2.53 

Q  ^  f»  r 

3=.  '? 

^  ^ 

3 .62 

1 

3'.  " 

•  4.  V 

5 . 3£ 

1 1. 

33.  '  > 

7  .  -j  2 

1  ?.  r. 

33.  J 

■  . 

1 :  f 

£■  .  88 

1  3.  '  L 

3 - ,  -si 

V  *  J  i 

1£  .  74 

1  *“  •  •  * 

38, 

.  • 

1  ' ; 

13.02 

1  5.  jD 

33.  n 

V  • 

■ ..  1  r. 

15. 1: 

1'-..  3  . 

Tr,  M 

V  # 

'  •  » 

17 , 18 

1 

38.  ,n 

9 

'  1  L 

2;.  .  1 3 

1 r( 

38,  •• 

•. 

V  •■  , 

23.  ; 3 

1?.  ?u 

38,  n 

r  , 

■-  C  .  1 

24.95 

2  . ' 

39,">  1 

•* 

1  V  c. 

26,83 

21.  SG 

38,  IJ 

1  9 

1  V  ! 

28 .54 

22.  ‘1 

38.  11 

i  J  V 

3*  .26 

2^.0G 

38,*) 

i  • 

.  1  ;•  ; 

31.21 

2^4,  n. 

38.  '1 

•:  • 

..  1/  ^  L 

32.  •'! 

TZ~ 

- 

2-.  CC 

3  =  .  5) 

*  , 

1.  „l 

32.45 

Z*z  9  J  J 

38.11 

f 

J  L  ■■  1 

33, 04 

27, 'r. 

38,11 

f 

'  f  r 

33.64 

28.  r: 

38,  17 

i  • 

34 , 39 

29. :c 

38.  *) 

V  • 

;  f  s.: 

35.15 

3  . .  )  P 

88,  1  J 

t  • 

.  i  t  i 

35 . 39 

31,  :3 

35.11 

li  • 

r  t'jf 

35 .64 

32,  JJ 

38,1) 

1  9 

35 .78 

33.  5: 

33.  7  J 

L  • 

u  r 

35 .92 

3*,C. 

3=,  n 

1  *  G 

36.  v'6 

3r’.:: 

38.11 

4  (  1 

36.  C6 

3f.  .  . 

38 ,  j 

t  • 

.  ' 

36 . 06 

27,  J. 

38.1 

/  i  w  1 

36 . 0‘j 

2  :,.■} 

3  ■  .  ' 

•'  ; 

35  .  .’6 

2=‘.,ji 

38.11 

«.  • 

*  * 

36  ,  V.  5 

<< 

88,  ;  ' 

36  .  i6 

*-1. 

38.  11 

i  • 

35.  rb 

»*2,  : 

38.  M 

m  t,  \ 

36  .  J6 

‘tT,  '•> 

3*.  11 

.  [  i 

36.15 

*4  >.  •. 

8  ■  ,  ■  ■ 

.  L  ' 

36.  j6 

\M 


Appendix  C3 

Automatic  Model  Output 
(see  Table  3,  1  KM  Column) 


PROG^'IM  OUTPJT - 


cruEO 

Y-pa'a  rra 

ANG  {t  aD) 

EXPOSURE 

i . :  • 

3  .  3 » 

-.-17, 

t  \  1 

■  .  . 

. 

3'.;  .  '  2 

*.t;r  7. 

.  .  i. 

?. 

33.52 

-..17' 

*:■ .  J 

V  •  w 

3’. 

-  .  ‘  ‘  7  f 

L  .  Li  u 

^  1  w 

3?.  5  + 

-.-37'; 

,  2  ' 

b « ’■■  r 

’’.3  5 

-.AS  7: 

.  .  - 

-f  *1 

f  % 

31  .5, 

-.- 

t  ,  i:  t 

0  ■  ‘ 

.  • 

31  .  "  ^ 

-  .  f  /  1 

.  22 

9. : , 

3  .3T 

-.117. 

,44 

1  •  j  w 

3  '  .  M 

-  .  ‘  7  . 

.91 

11.’': 

2=.  33 

-.■37., 

.93 

1 2. : 

29.1) 

1  ?.  3 : 

2*1.  dI 

-..i;  7i 

.9b 

1-^. 

2?  .  bt 

-  .  .  '  . 

.98 

iG. :  i' 

2“  .  bl 

-.  ^  vi 

.58 

I't * . 

2'.  12 

-  .  .•  t  7  :■ 

.3^0 

1 '.  ?• 

2'  .  21 

.  .  91‘ 

.99 

23. 3  ’ 

,  ••  9 1 1' 

1 . 4 1 

19,33 

23.79 

,l:'  71 

2.69 

2  . : " 

2«.  ’3 

•  •  »  i.  • 

3.^6 

21.  i : 

23.^9 

-.  .  lI  ( 

4,22 

22,  ■)•■ 

23.  ?9 

- .  i.  ■'.  . 

4,98 

2  3,  3  ) 

23.33 

.-914 

5.74 

2  9 , ;.  L 

23.93 

.  911- 

5 . 5  ■ ; 

2  ^ .  1 : 

29. 

.417  r 

9.14 

2>,j: 

29.  5b 

.  914 

9,58 

2^. 

2^.  b5 

.'  91,4 

9,80 

21.  :r 

S'.  U 

.41?  ( 

I*"  .  J  2 

29.  Dt 

3-  .  23 

.  .914 

1C.  23 

3  . .  3  J 

3  .  b2 

,3t!jE 

i:.45 

31,  a: 

31,  n 

.  31  36 

10  .5  2 

3  2.  l  L 

31.  ti 

.If  23 

14  .  b6 

33,  :i 

31.3^ 

.If  23 

14 .79 

3<..  'C 

31,5  5 

.If  2? 

I"  .  79 

3v.  a  . 

31. 

.If  23 

11  .79 

3-,  3 . 

31,92 

.1423 

14  .79 

3 ' . : . 

3?.  ll 

.it  2' 

14 .79 

3  1 .  ]  j 

3’.  2’ 

.  1  '■  2  3 

1;  .79 

3  3.  a . 

45 

,14  23 

1'-  .79 

«i  ,  3  j 

.  b  b 

,  1  :•  2  ^ 

1;  .79 

1 1.  .  j 

7-,  5: 

.  if  2r 

1:  .  79 

fc  2. : . 

3 

.14  23 

1'-  .79 

’2 

,  lt2P 

1.  .79 

• .  3 . 

4' 

.14  2  4 

14  ,79 
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SITE  DATA - 

X-ROTifED  Y-?CIirE3 


1^.  j 

3Q.  •  ' 

1  1 

1 

5 

2  ’ 

1  . 

1 

2!^,  * 

3‘.  •  t 

1 

1 

E  3 , ; : 

4  2.  : 

1  . 

CD 

• 

3  .  " 

1- . 

1 

7,.  : 

•  ' 

1  r 

1 

1^.  : 

-  ‘J  *• 

1 .  ■ 

1 

E  f . . : 

1. 

1 

8^.  ,  j 

*  3.  .  • 

1 

fi  2 ,  •  ! 

2  6.  •  ■! 

1  ■  V. 

1 

E6.  J 

3  ■  ,  ^ 

1  . 

1 

8  9.  : 

.  '  1 

1-  -J 

1 

2Y,  :■ 

i  2.  •  '• 

1 . 

1 

xb*  .■: 

1.  - 

1 

39.  .? 

6  8..  1 

1. . 

1 

6>  ) 

16.  n 

1'  •; 

1 

18.  j 

2.  ■  " 

4 

X  « 

1 

71,  •: 

j  “  .  .  ■* 

*  f 

X  V  >> 

1 

<6^  .  ;j 

5  6.'’ 

1'.  ■: 

1 

r7. 

5  .  ^ 

1.  c 

1 

36.  J3 

17.  ■' 

1  ■: 

1 

P'S.  ’3 

If.''  3 

1.  ^ 

1 

16. ;  1 

1 3. . : 

1.  . 

1 

35, 

2'.  ’ 

1  ' 

1 

6  7  .  J ) 

5  S.  '•  I 

3'  6 

1 

R? .  ;.3 

18,  -  - 

1'  •■ 

1 

e  u .  ’ ) 

e. '  3 

l.l 

1 

65.  :  j 

2  2.  ^ 

!■:  ! 

1 

le,  J) 

6'  .■•  3 

V  1 

1 

63,  '■) 

5  9. 

I"  '> 

1 

76.  -J 

5  8,-' 

ll  1. 

1 

St  ,  ,  j 

+  9. '  1 

1'. 

1 

76.  .) 

1  8,  ■  1 

1  1. 

1 

0!. . 

5  2. ;  : 

1 

1 

‘t  D  .  .  3 

5i  .  •' 

1.  , 

1 

€J,  3 

2.  '  3 

1.  V 

1 

£6.  3 

it." 

1 

1 

69  .  ' } 

1  e.  ^  3 

i:  i 

1 
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PROGRAM  OU7PJT 


y-POTVTED  y-ROTAri")  RNG(if,r)  EXPOSURE 


1. '  J 

3.  .  >  1 

-.,*7- 

•  •  J  J 

2. ; . 

3  i- .  ’  2 

- . E  7 ; 

*  J 

7. : ; 

3’.  52 

-  .  -  1  / . 

3’.  D3 

- » ^  / 1 

r  •  J  r- 

*»  •  J  w 

3'’.  5* 

- . ■ [  II 

>  •  J  J 

.  3  ■ 

3?.  5  3 

-.i^rrr 

'  •  u 

^  3; 

’1.53 

-  .  E  7  ^ 

^ 

Li  > 

31.'^ 

-  .  -  7 ! 

.22 

9.  r .. 

3  .5’ 

-  .  ‘  E  7  . 

1  •  L 

3'  .  13 

-  .  E  7 1 

.t51 

11.  d: 

2  5.59 

-.-37. 

12.:.: 

?3,  li 

•  38 

12.  •?. 

2“'.  31 

-  , ‘  7  ■ 

.58 

1  '■ . :  w 

23.51 

.58 

1  / 

23.  31 

-  .  '  ; ; 

.Go 

1  .  3  . 

2=>.  12 

-  .  f  r  . 

•  3  3 

1 '' .  :•  1 

2=».  21 

.  Pit 

.99 

1 : 

23.3' 

.  .  91!- 

1  .Hi 

19,3. 

P".  79 

.1,1  7; 

2.69 

2  : .  3 

23.  ’9 

-  ,  '  .  . 

3,46 

21.  5C 

23.79 

•  v‘  ' 

4.22 

2  2.  o; 

23.  ’9 

•  •  '  1 

4 ,98 

2  3.  r  L 

2«,  33 

..'91 1; 

5.74 

2  <4 .  3  i. 

23.97 

.  .91^ 

5.5;' 

2'.  3D 

2  9,*' 

«»r  7! 

S  .  14 

25.  t  . 

2  =  .  53 

.  .,9lt 

9.58 

27.  j  3 

2  9  •  3  5 

..,914 

9.61 

22.  d: 

3  *  .  1  ♦ 

.-.3  7. 

ID.-'.  2 

29.  DC 

3'.  23 

.'  Pit 

11.2  3 

3  >. .  3  V 

3.52 

.3f  96 

1:  .45 

31. D3 

31.3) 

.3fc3G 

12.52 

32.  Dr 

31.13 

.1528 

1'^  .66 

3-*. 33 

31.3' 

.  4  f  7  " 

13.72 

3'4, 3( 

32.1’ 

.  t  37 

lu.7  2 

35.  : 

32.  35 

.  If  2t 

i;.  .72 

35.3'" 

32.  5* 

,j.t2e 

1-  .72 

3". : : 

32.  7'2 

.1‘  26 

Ij  .72 

3  3.:  ; 

32.91 

.  1  o  2  3 

11.72 

3  9.  L  : 

3’.  '9 

.1?  2f 

1'.  .7  2 

<*  • .  c  ; 

’3 

.1321; 

1.  .72 

1 1 . . 

3’.  *3 

. :  f  2  E 

If.  7  2 

U  2.  D  . 

3  :  •  3  5 

.If  2f 

l-,72 

1  5.  '' 

3’,  33 

.18  23 

1)  .7  2 

<4 

3-  .  5  2 

.  1  f  2  ' 

Iw  .72 

V .  3  . 

3  .  2  ) 

.1425 

1.  .72 
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ssJins. 
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